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DESCRIPTION 

DNA TYfLNC BY MASS SPECTROMETRY WIT H 
P OLYMORPHIC DMA REP EAT MARKKKS 

BACKGROUND O F THIR INVENTION 

5 A . IF ield u f t h e In v cn t ion 

The present invention is generally directed u> Ihe field of genetic identity 
detection including forensic identification and paternity testing as well as genetic 
mapping. The present invention is more specifically directed to the use of mass 
^pwlTometry to detect length variations in DNA nucleotide sequence repeats, often 
1 0 referred to as short tandem repels f STR ,, ) f micnwiitollite repeats or simple sequence 
repeats CSSR"). The invention is also directed to DNA sequences provided for the 
analysis of STK polymorphisms at .specific loci on specific chromosomes. 

B- Ifoescriptoon of Related Art 

Polymorphic DNA tandem repeat loci are useful DNA markers for paternity 
1 5 testing, human identification, and gencti u mapping. I lighcr organisms* including 
plants., animals und human?;, contain segments of DNA sequence with variable 
bequenct repeats. Commonly sired repeats include dinucleotides, trinucleotides, 
tctrarjuclcoddes and larger. The number of repeats occurring at a particular genetic 
locus vary depending on the locus and the individual from a few to hundreds. The 
20 sequence and base composition of repeats can vary significantly, not even remaining 
constant within a particular nucleotide repeat locus, DNA nucleotide repents are 
known by several different names including microsatellite repeats, simple sequence 
repeats, *hort tandem repeats and variable nucleotide tandem repeati. As used herein, 
the term "DNA undent nucleotide repeat" f'DTNR") refers Ui till types of tandem 
25 repeEit sequences. 
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Thousands of DTNR loci have been identified in the human genome and have 
been predicted lo occur as frequently as once every 1 5 kb. Population studies We 
been undertaken r>n dozens of these STR markers as well as extensive validation 
studies in forensic laboratories. Specific primer sequences Jocated in ihe regions 

5 flanking the DNA tandem repeml region have been used lo amplify alleles from DTNR 
loci via the polymery chain reaction (TCR™"), Thus, the PCR™ product* include 
the polymorphic repeat regions, which vary in length depending on ihe number of 
repeacs or partial repeats, and the flanking regions, which are typically of constant 
length and sequence between samples. 

0 Thy number of repeals present for a particular individual m a particular locus is 

described as the alleJc value tor the locus. Beeauae most chromosomes arc present in 
pans, PClt™ amplifications of a single locus commonly yields two different si*ed 
PCR™ products representing two different n-pcai numbers or allele values. The range 
of possible repeat numbers for a given lucus, determined through experimental 

5 sampling of the population, is defined as the allele range, and may vary for each locus, 
e.i'. f 7 to 15 alleles. The alkie FCR™ product size range (allele size range) for a 
given locus is defined by the placement of the Lvvo PCR.™ primers relative to the 
repeat region and the allele range. The sequences in regions flanking each locus must 
be fairly conserved in order Tor the primers to anneal effectively and initiate PCR™ 

0 amplification. For purposes of genetic analysis dk tri % and tetranucleotide repeats in 
the range of 5 to 50 are typically utilised in screens. 

Many different primers* have been designed for various DTNR loci and 
reported in the 1 iterature. These primers anneal tr> DNA jsequeixes outride the DNA 
tandem repeat region to produce PCR™ products usually in the sLee range of 1 00-800 

5 bp. These primers were designed with polyaoTylamide gel elect rophorc tic separation 
in mind, because DNA separation* have traditionally been performed by slab gel or 
capillary electrophoresis. However, with a mass spectrometry approach to DTNR 
typing and analysis, examining smaller DNA oligomers is advantageous because die 
sensitivity of detection imd mass resolution are superior with smaller DNA oligomers. 
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The advantages of using mass spectrometry tor characterizinj; UTNRs include 
a dramatic increase in borti ihe speed of analysis (a few seconds per sample) and the 
accuracy of direct mass measurement In contrast, elcclrophoretic mediods require 
significantly longer lengths of lime (minutes to hours) and can only measure the $]?c 
5 of DTNJts as a function of relative mobility lo comigrating standards. Gel-based 
separation systems also suffer from a number of arli Diets Lhil reduce the accuracy of 
size measurements. These mobility artifacts are related lo die specific sequences of 
UNA fragments and the persistence of seeondmy and tertiary structural elements even 
under highly denaturing conditions. 

1 0 The inventors have performed significant work in developing timc-n Might 

mays spectrometry ("TOP -MS'') as a means for separating and sizing ).)NA molecules, 
although other forms of mass spirometry can be used and are within ihe scope of 
Uiis invention. Balancing ihe throughput and high mass accuracy advantages ofl'OF- 
MS is the limited size range for which the accuracy and resolution neccssjfry for 

1 5 characterizing DTNRs by muss spectrometry is available. Current state of the art for 
TOF-MS oNcvs single nucleotide resolution up Lo -1 (K) nucleotides in si/je and four 
nucleotide resolution up to —160 nucleotides in size. These numbers are expected lo 
grow as new improvements are developed in ihe mass spectrometry field. 

Existing gel-based protocols for the analysis of DTNRs do nol work with 

20 TOF-MS because the allele PCR™ product si/e range, typically between 100 and 800 
nucleotides, is outside the current resolution capabi lilies of TOF-MS. Application of 
DTMt analysis to TOF-MS requires the development of new primer yets that produce 
small FCK™ products 50 to 1 60 nucleotides in length, preferably 50 to lt>0 
nucleotides in length. Amplified DMA may also be used to generate single stranded 

25 DKA products that are in ihe preferred size range for TOF-MS analysis by extending 
a primer in the presence of a chain termination reagent. A typical class of chain 
termination reagent commonly used by those of skill in the art is the 
dideoxynueleulide triphosphates. Again, application of DTNR analysis to TOF-MS 
requires that the primer be extended to generate products of 50 to 160 nucleotides in 

30 size, and preferably 50 lo 100 nucleotides in length. 
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Gel-based systems are capable of multiplexing the analysis of 2 or more 
DTNR loci usin^ two approaches. The first approach to size partition the different 
PCR.™ product loci. Size partitioning involves designing the PCR™ primers used lu 
amplify different loci so ihuL lhat the allele PCR™ product size raiu>c fbr each locus 
5 covers a tli ffcrent and separable part of the gel site spccirum. As an example, the 
PCR™ primers Tor Locus A might be designed so that the allele size range is (h>m 
250 to 300 nucleotides, while the primers for Locus B are designed it> produce an 
allele range from 340 to 410 nucleotides. 

The second approach to multiplexing 2 or mone 1TJ NR loci on gcl-bascd 

1 0 systems is the use of spectroscopic p&TlilJonuig. Current state of the art for gel-based 
systems involves the use of fluorescent dye* a* apixiue spectroscopic markers for 
different PCR™ amplified loci. Different ehromophores thai emit light at different 
color wavelengths provide the means for differential detection of two different PCR™ 
products even if (hey are exactly ihe atme size, thus 2 or more loci can produce 

15 PCR™ products with allele size ranges thai overlap. For example. Locus A with a 
green fluorescent lag produces an allele size range from 250 to 300 nucleotides, while 
Locus B with a red fluorescent tag produce* an alkie size range of 270 to 330 
nucleotides. A scanning, laser-exciled fluorescence detection device monitors the 
wavelength of emissions unci assigns different PCR™ product sires, and their 

20 corresponding allele values, to their specific loci based on their fluorescent color. 

In contrast, mas spectromciry dircclly detects the molecule preventing the use 
of optical spectroscopic parti honing as a means for multiplexing. While ii is possible 
To have a limited use of size partitioning with TOF-MS, the limited size range of high- 
resolution detection by TOF-MS makes it likely thai only 2 different loci can be 

25 ni attiptexed and size partitioned, la many cases, it may not he py ssiblo to even 
multiplex 2 loci and maintain a partitioning of the 2 different allele size ranges. 
Therefore, new methods are needed in order to employ mass spectrometry for the 
analysis of multiplexed DTNRs. 
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SUM MARY Off THE 1N\TNTIQN 

Tl is. therefore, a goal of the prescm invention to provide newly desj poed 
PCR™ primers which are closer to the repeat regions then have previously hem 
? employed providing Tar the efficient analysis by TOF-MS. Specifically, the invention 
provides oligonucleotide primers designed to characterize various DTNR markers 
useful for human identity teslinii, The primers nro foi use in PCR™ amplification 
schemes, however, one of skill in the art could, in light of the present disclosure, 
employ them to generate appropriate size nucleic acid products for TOF-MS analysis 

1 0 using other methods of extending one or more of the disclosed primers. Additionally, 
these primers and their extension products are suitable for detection by mass 
spectrometry. Thus, applications of this invention include forensic anil paternity 
testing and genetic mapping studios. 

An embodiment of I he present invention encompasses an oligonucleotide 

1 5 primer for use in analyzing alleles of n D.NA tandem nucleotide repeat at a DNA 
landcni nucleotide repeat locus by mass spectrometry, which includes a nucleotide 
sequence that contains a flank iny region of the locus where the primer upon exiension 
generates a product that us capable of being analyzed by mass spectmrnetry. 
Preferably, the oligonucleotide primer's 3 end will be complementary to a region 

20 flanking a DNA tandurn repeat region immediately adjacent u> ihn DNA tandem 

repeat region or may further extend up ro one. two, three, four or five tandem repeats 
into the DNA Uuidera repeat region. Used in this cnniexi. "immediately adjacent" or 
Immediately flanking" means one, two. three, or tour nucleotide away irom the 
DNA tandem repeat region of the DNA tandem repeat locus. 

25 The oligonucleotide primers of tliis invention are designed to generate 

extension products amenable to mass spectral analysis and containing a DTNR 
sequence, or region of interest for which one is interested in determining the mass. 
The "flanking" regions of a DTNR locus are the portions of DNA sequence on either 
side of (he DTNR region of interest For embodiments employing PCR™ primers 

30 and polymerases to amplify a DTNR sequence, the primers are sufficiently 
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complementary to a portion of one or more flanking regions of the DTNR locus to 
allow the primer to effectively anneal to the target nucleic acid and provide n sire to 
exiend a complement k> the target nucleic acid via PCR™. For embodiments 
employing primer extension, a preferred method is to use a .single primer that is 
3 sufficiently complementary to allow effective ancalling to a pojtion of a larget DTNR 
locus flanking region in conjunction with a chain termination reagent. The chain 
termination reagent allows the production of discreet limited si/je nucleic acid 
products for mass spectral analysis. Preferred chain termination recent for use in the 
preset invention are dideoxy nucleotide tripiiottphalea. Therefore, for the methods 

1 0 comprising any type of primer extension, it is preferred thai at least one of tile primers 
is sufficiently complementary to a portion of a flunking region that is preferably 
adjacent to or close to the DTNR region of interest, generally within about 40 
nucleotides of the DNA Umdcm nucleotide repeat region. As used in this corner, 
"about'" means anywhere from -+1 to 40 nucleotide:*, and all the integers in between, 

! 5 for example. 1 1 ±X =j n +.4, ±5 1 ^S, +7, +8, ±9, ±10, etc. nucleotides. 

Th\z primer extension products are preferably single-stranded and may he any 
size that can be adequately resolved by mass spectrometry analysis, Preferably, 
detected, the final product single-stranded target nucleic acids are less than about 160 
or 1 50 bases in length. More preferably, the extended nucleic acid products are from 

20 about 1 0 to 100 or 120 base* in length. A3 used in this context. 'about" means 

anywhere from ± 1 1u 20 bases, and all the integers in between, for example, + l r ±2, 
=3 , =4, ±5, -L6, ±7, ±8,-9, ± 1 0, etc. bases. 

As used herein "a" will bo understood io mean one or more. Thus, "a DNA 
tatidem repeat marker" may refer, for example, u> one. I wo. three, tour, five or more 

2$ DNA tandem repeat markers. 

The present invention is also directed to new oligonucleotide primers which 
have been designed to match a portion of die flanking regions for various DTNR loci. 
Specific embodiments of this invention include oligonucleotide primers designed to 
amplify the following DTNR loci: CS1 : 1 PO, D3S1358, D5S818, D7S820, 179, 

SO D13S3 17, D16SS39, D18S51, D21S1 L DYS1 9, F13A1, FBS/FFS, FGA, HPRlB. 
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TH01, TPOX, DYS388. DYSS9I , DYS392, DYS393. D2S 139 I , D1SS535, D2S1 338, 
D19S433, DGS477, 1)1851*. D14S3fl6 : D22S6S4, F13B, CD4 t D12S391, DIOS220 
and D7S523, With the exception of D3S1 358, sequences for the STR loci ofihis 
invention are accessible to the general public through Gen Bank uying ihe accession 
5 numbers listed in Tabic L These oligonucleotide primers may preferably contain a 
cleavable site, such as a recognition site for Type II and TTS restriction cndonucleases, 
an exonuclcaw bloc-king site, or a chemically cleavable site, for reducing the length of 
ihe amplified product and increasing the mass spuuinil resolution. 

Examples of some oligonucleotide primers thai may be employed for 

1 0 amplifying these loci are listed in SEQ ID NO: 1 ihrougli SFQ ID MO: 1 03. Preferred 
oligonucleotide primers that also contain a deovahlc phosphorothioaie linkage and 
biotin moiety for immobilization onanavidm, screptavidin solid support are 
sequences according to SEQ ID KO:2, SEQ ID \ 0:4, SEQ ID NO:5, SEQ ID NO:7, 
SEQ ID NO:9, SEQ TD NO: 1 1, SEQ ID NO: 14. SEQ TD NO; 1 6 t SEQ TO NO: 17, 

15 SEQ ID NO:l 9, SFQ ID NO:21, SEQ ID NO:23 ? SEQ ID NO:2S ? SEQ ID NO;27, 
SEQ ID NO:3G, SEQ ID NOtfl, SEQ TD NO:83 f SEQ TD NO:84, SEQ TT) NO:S5, 
SEQ ID NO:8fi, SFQ ID NO:87, SbQ ID NO:88 ? SEQ ID KO:89, $K> ID NO:90, 
SEQ ID NO-.9L SEQ ID NO;92 ? SEQ TD NO:V3, SEQ ID NO:M, SEQ ID NO:9S, 
SEQ JD NO: 96, SEQ ID NO:97 ; SEQ ID NO:98, SEQ ID NO:99, SEQ ID NO:10D 

20 and SEQ ID NO: 1 0.1. Thuse newly designed primer* generate nucleic acid extension 
products which are smaller limn those used previously with electrophoresis separation 
methods. Additionally, these primers may be used in other mechods of primer 
extension known to those of skill in the art. 

It will be apparent to one skilled in the art that sorm- variations of these 

25 primers will also servo effectively, for example, adding or deleting one or a few bases 
from Lhc primer and/or shifting the position of the primer relative to the DTNR 
sequence by one or a tew bases. Thus, primers encompassed by the present invention 
include the primers specifically listed as well as modifications of these primers. 
Although these sequences arc all biotinylaicd at the y end and contain n 

30 phosphorothioate linkage at a particular location, one of skill in the art would 



WO <W1 W5 PCT/USSW 19578 

8 

recngciivv l.b;il similar primers having biotin moiciics and the cleavable groups at 
other sites would aho be encompassed by the present invention. Primers containing 
lypi^ of immobilization attachments sites other 1 ban biotin, for example, would also 
be encompassed. Typically, ihc placement of the clcwvaWe group is not critic^ as 

5 long as it is close enough to the V end to cleave the cleave the nucleic acid extension 
product to a reduced-length amplified product that is amenable to mays spectral 
analysis. These primers in pahs may also bo combined to generate overlapping 
TCR™ product sizes which are all distinguishable by mass, However 1Vir 
embodiments multiplexing multiple DlXR. loci with overlapping Miedic ma>* ranges, 

(> strategic placement ot the elea vable group may effect a separation nr <m interleaving 
of mass spectral peaks. 

Another embodiment of this invention encompass a kii Tor analyzing alkies 
of a DTNR locus in a target nucleic acid, having a first strand and a second 
complementary strand, by mass spectrometry which includes w first primer 

5 complementary to the flanking region of a DNA lar.iimn nucleotide repeal region and 
a second primer complcmcDtary to the opposite flanking region of a DNA tandem 
nucleotide repeal region. Preferred kits of this invention are kits for tuialyamg *e 
following DTNR loci: CSF1PO, D3S1358, D5S81S, D7S820, D8SU79, D13S317, 
D16SS39, 018SSI, D21SU.DYS19, FI3A1, FKStfPS, FOA, IIPRTB, TH01. 

0 TPOX, DYS388, DYS391, DYS392, DYS393, D2S139I, Dl 8S535, D2S1338, 
D19S433,D6S477 t D1S51S, Dl4S306,m2S6Jf4, F13B, CD4, D12S391, D10S220 
and D7S523- 

Another embodiment of this invention encompasses a kit lor analyzing alleles 
of a multiple DTNR loci in a target nucleic acid by mass spectrometry, which includes 
5 a plurality of primers complementary to the flanking regions of DNA tandem 

nucleotide repeat regions. Preferred kits of this invenlion are kits for analyidng the 
following DTNR loci: CSV IPO, D3S1358, D5S8I 8, D7S820, D8S1 179, D13S317, 
D16SmD18S5l, D21S11, DYS19, F13A1, FES/TPS, FGA, HPR1B. TH01, 
TPOX, T>YS388, DYS391, DYS392. DYS393, D2SI391, DI8S535, IMS 1338, 
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D19S433, D6S477, DJS518, DMS306, D22S684, F13B, CD4, DI2S39LD10S22O 
andD7S523. 

The primers employed wiih these kits may preferably have clcavable sites, 
such as a recognition site for a restriction cndonuclease, an exonuclease blocking site, 
5 ot a chemically cleavable she. Preferred chemically cleavabfe sites encompass 
modified bases, modified sugars libose), and chemically clcavable groups 
incorporated inly the phosphate backbone, such as dialkoxysilane, T<S)- 
phosphorothioate, 5'-(S)-phosphorothioate, S'-CNVphosphoronmidate, or.V-(N> 
phospboTwmidale linkages. Another preferred embodiment is a kit employing a first 

1 0 primer that is capable of attaching to a sol id support. 

For primer extension by 1>CR amplification, it is preferabie to employ these 
primers in pains, Preferred pairs t>fprimers include the following; a sequence 
according to SLQ ID NO:l and a sequence according to SEQ ID N0:2; ft sequence 
according to SEQ ID NO:3 and a sequence according to SKQ Jl) N0:4; a sequence 

1 5 according to SLQ ID NO:5 aud a sequence according to SEQ ID N0:6; a sequence 
according to SFQ ID NO:7 and a sequence according to SEQ ID N0:&; a sequence 
according to SEQ ID NO:9 smd a sequence according to SEQ ID NO: 10; a sequence 
according to SFQ ID NO: 1 1 and a sequence according to SEQ ID NO: 12; a sequence 
according to SEQ TD NO; 1 3 and a sequence according to SEQ ID NO: 1 4; a sequence 

20 according \ 0 SEQ ID NO: 15 and a sequence according tu SEQ ID NO: 16; a .sequence 
according to SFQ ID NO: 17 and a sequence according to SEQ ID NO; 18; a sequence 
according to SEQ ID NO: 1 9 and a sequence according to SEQ ID NO:20; a sequence 
according lo SEQ ID NO:21 and » sequence according to SEQ ID NO:22; a sequence 
according lo SEQ ID MO:23 and a sequence according to SEQ ID NO:24; a sequence 

25 according to SEQ TD NO:25 and a sequence according to SEQ ID NO:26; a sequence 
according lo SEQ ID NO:27 and h sequence according to SEQ ID N():28; a sequence 
according to SEQ ID NO:29 and a sequence according to SEQ ID NO:3f); a sequence 
according to SEQ ID NO:31 and a sequence according to SEQ ID NO:32; a sequence 
according to SEQ ID NO: 49 and a sequence according ro SEQ ID NO;83; a sequence 

30 according to SEQ ID NO:52 and a sequence according 10 SEQ ID NO;S4; a sequence 
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according to SEQ ID KO:54 and a sequence according to SEQ ID NO: 85; a sequence 
according lo SEQ ID NO:56 and a sequence according to SEQ ID NO; 86; a sequence 
according to SEQ IT) KO:58 and a sequence according Lo SEQ ID NO:87; a sequence 
according to SEQ TD NO:59 and a sequence according u> SEQ ID NO:8S;a sequence 
5 according to SEQ JD KO:62 and a sequence according, to SEQ ID NO: 89; a sequence 
according Uy SEQ ID NO:63 and a sequence according to SEQ TD NO;tW; a sequence 
according to SEQ IT) NO: 66 and a sequence according lo SEQ ID NO;9l: a sequence 
according lo SEQ ID NO:67 and a sequence according. Lo SEQ ID NO:92; a sequence 
according k> SbQ ID NO: 70 and a sequence according to SEQ ID NO:93; a sequence 

1 0 according to SEQ ID NO:72 and a sequence according to SEQ ID NO:94:a sequence 
according to SEQ ID NO:74 and a sequence according lo SEQ ID NO:95: a sequence 
according to SEQ ID NO;76 and u sequence according to SEQ ID NO:96; a sequence 
according to SEQ ID NO:78 and a sequence according Lo SEQ ID NO:97; a .sequence 
according lo SEQ ID NO:80 and a sequence according to SEQ TD NO;98; a sequence 

1 5 according to SEQ TD NO:66 and a sequence according lo SEQ ID NO:99; a sequence 
according U> SRQ ID NO:33 and a sequence according to SEQ TD NO; 1 0G:and a. 
sequence according to SEQ ID NO: 1 0 1 and a sequence according to SEQ TD NO: 1 03 . 

Tn one embodiment, al least one of the primers used to prepare the nucleic acid 
extension product coninins a surface binding moiety, Much as a biotin moU?ly, at the 5 r - 

20 end ant! a cleavable moiely, such as a phosphorothioate linkage (see FIGS. 7A and 
7B), near the 3'-end for a capture and release a^say, such as one usi/iy sirepcavidin- 
eoated magnetic beads for binding biolinylated printers, described in PCT Patent 
Application No. WO 96/37630, and incorporated herein by reference. These linkages 
are often referred as thiophosphaic linkages a* well. Incorporation of a method for 

25 obtaining sing] ^stranded PCR™ products, such a* is possible with the primer 

modifications described above, is preferred. Removal of one of the two alrands halves 
the number of DNA oligomer* that will be visualized by TOF-MS and improves the 
likelihood of resolving all PCR™ product stands. 

Another embodiment of this invention encompasses a method for analyzing 

30 DNA tandem nucleotide repeat alleles at a DNA tandem nucleotide repeat locus in a 
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target nucleic nc\d by mass spectrometry which includes the steps of a) obtaining a 
Uu-yet nucleic acid containing a DNA tandem nucleotide repeat region; b) extending 
the taiy,cl. nucleic acid using one or more primers lo obtain a limited si*c range of 
nucleic acid extension products, wherein the primers arc complementary u> a sequence 
5 fsanking the DNA tandem nucleotide repeat of said Incus; and c) determining the mass 
ofihe nucleic acid extension products hy mass spectrometry, where the target nucleic 
acid ia normally double-stranded (I.e. it Ira a firsi strand and a second complementary 
strand). Nucleic acid extension products may be generated in this method by any 
means known to those or skill in the art and particularly cither by amplification, such 

10 as PGR amplification, or hy primer extension in conjunction with a chain terminaiion 
reagent. Preferred primers may immediately Hank the DNA tandem repeal, locus, or 
may further extend up to one, (wo. three, four or five tandem repeal into the DNA 
tandem repeal region. Used in this context "immediately adjacent 7 ' or "immediately 
flanking" means one, two.. lhree r or four nucleotides away from the UNA tandem 

1 5 repeat region of the DNA tandcrn repeat locus. Preferred primers may cmimin a 

cleavahlc site, such as a recognition site Tor u restriction endomicle*se, an exouue lease 
blocking site, ot ;i chemically clcuvable site, and be capable of attaching to a solid 
support. 

Thc*i: primers may be capable of directly or indirectly attaching tu a soiid 
20 support via covalent or noncovalcnt binding. The primers may contain an 

i m mob lion attachment site (IAS) for attachment to a solid support. This site is 
usually upstream of the chemically cleavable site. A .suitable immobilization 
attachment site is any site capable of being attached to a group on a solid support, 
These sites may be a suhstituent on a base or sugar of the primer. An IAS may be, for 
25 example, an antigen, biotin, ot digoxigenin. This attachment allows tor isolation of 
only one strand of an amplified product. Such isolation of cither single- stranded or 
doublostranded amplified target nucleic acids generally occuts prior to the 
application of the nucleic acids to the matrix solution, resulting m well-defined mass 
spectral peaks and enhanced mass accuracy. The matrix solution can be any of the 
30 known matrix solutions used for mass speetmrnclrie analysis, including 3- 
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hydroxypicolinic acid ("3-HPA"), nicotinic add, picolinic acid, 2,5-dihydroxybcnzoic 
acid, and nitrophcuot. 

For example, in otic embodiment, a island of a target nucleic acid extension 
product may be bound or attached to a solid support to permit rigorous washing and 
5 concomitant removal of salt adduce, unwanted oligonucleotides and enzymes. Ritlisr 
a double-stranded or a single-stranded nucleic acid extension product may be isolated 
tor mass spcelrometric analysis. 'Hie single-stranded target nucleic acid extension 
product analyzed by MS may 1m; eilher the strand bound or not hound lo tlie solid 
support. 

W When <\u unbound strand is used for MS analysis, it is lypicaily purified by 

first washing the hound strand and its attached complement under conditions not 
aufficiunlly rigorous to disrupt the strand's attachment to h* bound complement. 
After unwanted biomolecules and salts are removed, the complement may then be 
released under more rigorous conditions. In contrast, when toe- bound strand is to be 

1 5 analyzed, it is typically washed under more vigorous conditions such that the 

interactions between the bound strand. ifpTeseirt, and its unbound complement is 
disrupted. Tliis allows the unbound strand to hi washed away with the other sahs and 
unwanted biomoleculcs. Ckavable linkers or cleavabic primers may be used to 
release the bound strand from the solid support, prior 10 MS analysis, 

20 Preferred primers for practicing diis method include primers designed to 

amplify DTNK loci selected fiom the group consisting of CSF1PO. D3S1 358, 
D5S818, D7S820 ? D8Sll79,DriS3l7 t D16SmD18S5l,D2lSll J DYSl9, F13A1, 
FES/FPS, FQA t IIPRTR, TH01, TPOX, DYS388, DYS391. DYS392, DYS393, 
D2S139UEH8S535, D2S1M8 r D19S433 V D6S477, Dt S518, D14S306, D22S684, 

25 F13B, CD4, D12S391, D1OS220 and U7S523. Preferred pairs of primes designed to 
amplify these loci include: a sequence according to SEQ ID NO: 1 and a sequence 
according to SEQ ID NO:2; a sequence according U> SF.Q ID NO:3 and a sequence 
accordiny to SEQ ID NO:4; a sequence jiccording to SEQ ID NO:5 and a sequence 
according tu SEQ 1U KC):6; a sequence according to SEQ 1U NO:7 and a sequence 

30 according to SEQ ID NO:8; a sequence according to SEQ TDN0;9 and a seq uence 
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according io SEQ ID NO: TO 
according to SEQ ID NO; 12 
according lo SEQ ID NO: 14 
according lo SEQ ID NO: 1 6 
wording to SEQ ID NO: 1 8 
according lo SEQ \D "KO:20 
according to SEQ ID NO:22 
according to SEQ TO NO:24 
according to SEQ TD NO;26 
according to SEQ ID NO:28 
according to SEQ TD NO:30 
according io SEQ ID NO:32 
according to SEQ TD NO: 83 
according to SEQ ID NO:84 
according to SEQ ID .NO: 85 
according to SEQ ID NO:86 
according to SEQ U) NO: 87 



a sequence according to SEQ ID NO: 11 and a sequence 
a sequence according lo SEQ ID NO: 13 and it sequence 
a sequence according to SEQ TD NO; 1 5 and a sequence 
a sequence according lo SEQ ID NO: 17 and a sequence 
a sequence according lo SEQ ID NO: 1 9 and a sequence 
a sequence according to SEQ ID NO:2l and a sequence 
a sequence according to SFQ ID NO;23 and a sequence 
a sequence according lo SEQ ID NO:2.S and a sequence 
a sequence according to SFQ ID NO:27 and a sequence 
a sequence according to SFQ ID NO 29 and a sequence 
a sequence according to SEQ ID NO:3l and a sequence 
a sequence according to SFQ ID NO:49 and a sequence 
a sequence according to SEQ ID NO:52 and a sequence 
a sequence according to SFQ 11) NO:54 and a sequence 
a sequence according to SEQ ID NO:56 and a sequence 
a sequence according to SFQ ID NO:58 and a sequence 
a sequence according to SEQ ID NO:5S> and a sequence 
accordi n» to SEQ ID NO;88;a sequence according lo SFQ ID NO:62 and a sequence 



according to SKQ ID NO: 89 
according lo SEQ TD NO;90 
according Lo SEQ ID NO:9t 
according to SFQ ID NO:92 
according to SEQ ID NO;93 
according to SEQ ID NO:94 
according to SEQ ID NO:95 
according to SEQ ID NO:96: 
according to SEQ ID NO:97 
according lo SEQ ID NO',98, 
according U> SEQ ID NO:99: 



a sequence according to SEQ ID NO:63 and a sequence 
a sequence according to SEQ ID NO:66 and a sequence 
a sequence ueeording to SFQ TV) NO:67 and a sequence 
a sequence according to SEQ ID KO;70 and a sequence 
a sequence according to SEQ ID NO:72 and a sequence 
a sequence according to SFQ ID NO:74 and a sequence 
a sequence according to SEQ TD KO:76 nnd a sequence 
a sequence according to SEQ ID NO:78 and a sequence 
a sequence according to SEQ ID NO:8l) and a sequence 
a sequence according lo SEQ ID NO:66 and a sequence 
a sequence according to SEQ ID NO:33 and a sequence 
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according to SEQ ID NO:l (X); and a sequence according to SCQ IT) NO;101 and a 
sequence according to SEQ TO NO: 103. 

The present invention also focuses on an improved method of multiplexing the 
arifdvrsifc of nucleic ocid extension products derived from DNA nucleotide repeat loci, 
5 This method differs from known methods of multiplexing DTNR analysis in that mas* 
spectrometry is employed and the range of possible nucleic acid extension products 
for the multiplexed loci, Lhe allele nucleic <ioid extension product size ranees, may he 
specifically chosen to overlap in the mass scale yet be uniquely resolved and detccird. 
Thus, this invention encompasses methods for analyzing more truin one target 

1 0 nucleic acid in wh ich lhe target nucleic acids are used to produce more than one 

nucleic acid product extejttiun product and where each nucleic acid extension product 
may comprise a different D'TSR sequence. A preferred embodiment encompasses 
simultaneously determining the mass of more than one DNA tandem nucleotide repeal 
allele a^ more than one DNA tandem nucleotide repeat loci. According to this 

1 5 embodiment several nmpii ficution products containing various DTNR sequences from 
different DTNR loci may be analyzed in the same solulion and spectrum. 

Additionally, the DMA tandem nucleotide repeat loci may have overlapping 
allelic mass ranyus [see FIGS. 4 and 5). The term "overlapping allelic mas* ranges" is 
defined io mean that the alkies that may be present for a particular DTNH locus have 

20 masses that overlap, or coincide, as observed by mass spectrometry with Lhe masses 
for alleles from another DT.XR locu*. The methods of the present invention allow one 
to resolve these alleles by mass spectrometry eilher by increasing the mass separation 
of these peaks or by modifying lhe mass of the amplified products containing the 
various DTNR sequences such that lhe amplif ication products have interleaving mass 

25 .spectral peaks (see FIG. 6Y 

This novel interieaved multiplexing approach overcomes the TOK-MS 
limitations for size partitioning and takes advantage of the high mass accuracy of the 
melhod wixhin the hi^h resolution mass range below about 160 nucleotides in size. 
One specific embodiment encompasses a method that involves Lhe design of specific 

30 primer or primers that produce nucleic yeid extension products for & first locus with 
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defined allele mass values. 'I he primer or primers for second locus aie then selected 
so that while the mass range for the predicted nucleic acid extension product* of the 
primers overlap with the mass range for the products of the first locus, the specific 
predicted nucleic acid extension product mass value* differ from those uf the first 
5 locus and therefore can be uniquely resolved by TOF-MS. Further loci may be added 
to the multiplex using ihe same method such that, three, four, five, six. seven, eight, 
nine, ten or more loci rimy be analyzed simultaneously. 

The basic limits for this* multiplexing are defined by the ability to resolve all 
possible nucleic acid extension products within a mixture. It is not inconceivable that 

JO as many us 10 diilerent loci might be interleaved and uniquely resolved. In addition 
to multiplexing two or more DTKRs it is also possible to use this invention to 
interleave mixtures of DTNRs with specific nnelcic acid extension product* arising 
from nonrepcal loci, e.g., a DTNR locus wilh allelic dueleic acid extension products 
72, 76, 80, 84 and 88 nucleotides in size could be simultaneously analyzed with u 

1 5 nucleic acid extension product 82 nucleotides in size. 

The ability to interleave loci requires that thenucleic acid extension product 
mass values for all possible idlele values should prefembly be known. These allele 
mass values may be determined empirically or more likely by emulation using the 
known loci sequences. Tn many cases il may be necessary to 'Tine tune" the allele 

20 mass values tor one or more loei in a multiplexed mixture in order to prevent 

unrcsulvable overlap hclween two Nucleic acid CKiensiou products. For example, 
allele 5 for Locus A may be only 5 Da different in rni*s ihan allele 9 for Locus R 
preventing resolution of those two Nucleic neid extension products by mass 
spcciR>metr\\ Mass modifications to one or both loci may be used to increase Ibis 

2 5 mass di fference Lo 1 00 Da. 

Adjusting the allele mas* values for any given locus may be done by any 
number of methods including: increasing or decreasing the size the of the uucleic acid 
extension products via altered sequences and placement of the primers: addition of 
nonhybridizing nucleotides to the 5* ends of one oi more primers, addition of 

30 nonnucleotide chemical modifications internally or to the ends of one or both primers; 
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alterations in base composition williii: one or both primers* including the use of 
nonstandard nucleotides, thru may or may not result in mismatches within the primers; 
incorporation of and specific placement of a chemically cleavahle moiety within the 
primer backbone to reduce the length of ihe nucieic acid extension product by a 
5 selected amount; enzy malic cleavage of the nucleic acid extension products using a 
restriction ciidunuclease that recognizes a restriction site within one or both primers or 
within the nucleic acid extension product itself; us\: of u 5"" to 3' cxonuclease in 
concert with exonuelcasc blocking modified nucleotides contained within one or more 
primers: incorporation of nonstandard deoxyribonucleotides or chemically or 
1 0 isoiopieally modi Tied nucleotides; during polymerization: any number of methods of 
mass modifying by addition of chemical moieties post amplification: by using 
different chain termination reagents in conjunction with primer extension; or any 
number of other mean* that anyone skilled in the art would be able to ideutify. 

Another embodiment encompasses a method of multiplexing amplification 
products containing DTNRs having overlapping allelic ranges where at least one 
amplication product contains & muss modified nucleotide. Mass modified 
nucleotides include nucleotides to which nonnucleoiide moieties have heen 
chemically auncbed; bases having ahercd compositions; non^Umd^rd nucleotides, that 
may or may not result in mismatches within the printers; and any ba^es whose masses 
have been modified through the addition of chemical moieties After the amplification 
Step. 

Alternatively, the length of at least one extension product mcy be reduced by 
1 5 cleaving the extension product at a cleavahl u site such as a restriction endonuelease 
cleavage site, an exomiclease blocking site, or a chemically clcavable site. Preferred 
chemically cleavablc sites for multiplexing include modified bases, modified sugar* 
(f.&, ribosc), or a chemically cleavablc group incorporated into the phosphate 
backbone, such as a dialkoxysilane, 3-(S)-phosphoroihioaTe, 5 p -(S)-phosphorothioatc, 
20 3 HN)-phnsphoroamidate T or 5^N>phosphoroamidate. Preferred primers may also be 
capable of aitachiny lo a solid support. 
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Another embodiment of this invcnliou encompass* a method for multiplexing 
the detection of more than one amplified D\A landem nucleotide Tvpcat marker from 
more than one DNA landcm nucleotide repeat loci including: determining the mass of 
more; than one nucleic acid extension product by mass spectrometry, where iho 1XNA 

5 tandem nucleotide repeat loci each comprise » DNA randem repeal sequence and a 
Hanking sequence and have overtopping allelic mass ranges. Typically, at least one of 
the target nucleic acid extension products may contain a mass modifying group. 

"Mass modifying groups" may comprise any group thai alters the nuts* of the 
amplified products to produce interleaving or otherwise resolvable mass spectral 

(} peak*. These groups which may be incorporated during or after primer extension, 
may be ma* modified nucleotides, nonstandard deoxy ribonucleotides, or even 
clcitvfthle sires as cleaving such a site modifies the mass by reducing the length of the 
extension product. As used in this context modified or nonstandard bases arc 
generally understood Lo include bases not found in DTNR Jocus flanking the DTNR 

S sequence of the sample or target nucleic add. 

BRIEF DESCMTQQN OF THE O RAWONGS 

FIG* 1 is a mass spectrum of an allelic ladder from ihc tyrosine hydroxylase 
0 yene ("TH01 Most of the common alleles for this STR marker (alleles 5, 6, 7, R. 9, 
9.3, and 10) can be seen. Alleles 9.3 and 10 differ by a single nucleotide while the 
other alleles are separated by four bases. 

FIG. 2 displays mass spectra for several samples from rhe TROX locus. 1 he 
top spectrum is an allelic ladder containing allele? ranging from 6 to 1 3 repeats while 
.5 the other .<rpectra show the isolation of various alleles for this locus. 

FIG. 3 A displays the mass spectrum Tor the CSF1PO locus, 
FIG. 3Ui displays the mass spectrum lor die D3S1358 locus. 
FIG. 3C displays the mass spectrum for the D5S81X locus. 
FIG, 30) displays die mass spectrum for the D7S820 locus. 
0 FIG. 311!: displays the mass speeirum for the D8S 1 179 locus. 
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FUG. XV displays the mass Spectrum tor the D1 3S517 lotus. 

HO. 3G displays the mass spectrum for the D16S539 locus. 

FUG. 3H displays die mass spectrum for ihe T)l 8S5 J locus. 

flC. 31 displays the mass spectrum for the: D21S1 1 locus, 
5 JF1C 3J displays ihe maw spectrum for the DYSI9 locus. 

JbiG. 3K displays the mass spectrum for ihe F13A1 locus. 

PIG. 3L displays the mass spectrum for the FES/f PS locus. 

FK2. 3M displays the masa speelnim tor the FC] A locus, 

FIG* 3N displays ihu mass spectrum fur the 11PRTD locus. 
1 0 FIG. 30 displays the rnasa spectrum tor the THO 1 locus. 

FIG. 3F displays ihe mass spectrum for the TPOX Iocuh. 

FT ft. 4 is a simulated multiplex STR analysis of alleles with overlapping st7c 
ranges. This diagram depicts the expected masses for known alleles of TPOX and 
TIT0 1 . 

1 5 FIG, 5 arc mass spectra of mixtures of TJ 101 and TPOX allelic ladders. Using 

the primer sequences for THO I (£>KQ ID XO.:29 and SEQ ID NO.:30) arid TPOX 
(SE(J ID NO.:3 I and HEQ ID NO,;32) f alleles between ihe different STR systems 
differ bv only 120 Dalions flop spectrum). By adding two nucleotides Lo the S'-etid of 
the reverse primer for TPOX (SCO ID N().:32), the TPOX utlde masses arc increased 
20 by <■ 600 Dultous, making them easier in resolve. 

FffG. 6' is a simulated multiplex STR analysis depicting the expected masses 
foi D16S539 and D7S820 known alleles. Even with different repeal sequences, all 
known alkies may be resolved by maaa spectroscopy. 

FIG, 7A shows the chemical formula for 2'-deoxythymidine-3'-(Sh 
2 5 phosphoroth i oate . 

FJG. 7B shows die chemical formula for T-deoxythymidineo'^S)- 
phosph orp thio a te . 

FIG. 8A shows the expected allele sizes for CTT multiplex analyses. The 
CTT multiplex is directed to the three STR toei CSV IPO, TPOX and TH01 . 
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HC- 8B illustrates ihe results of the analysis uf a simple using ihc CTT 
multiplex. The sample h shown to contain a homozygous TPOX allele S, 
heccrozygous 11101 alleles fi and 9.3, and a homozygous CSF1 PO allele 12, 

5 DKSCWPTTHO-N OF ILLUSTRATE VE TMPOMMMIS 



The present invention focuses on a mass spectrometric method of multiplexing 
the analysis of Nucleic acid extension products which overlap in mass derived \iom 
OS A nucleotide repeal loci. For example, lo resolve all possible alkies of the 

10 DTCRs being analyzed the masses of the Nucleic acid extension products from two or 
more DTNR markers may be offset from one another so thai any (wo possible alleles 
(or any two possible common alleles) do not overhip in mass within the mass 
resolution of the mass spectrometer, yet the ranges of the possible allele?; do overlap. 
Within Ihc overlapping mass range, defined m ihe mass range held h common hy two 

1 5 loci with defined allele size ranges, the DTNR marker may be offset from one another 
by some fraction of the mass of the sequence repeal unit. e.g. for tctranucleotide 
DTNR markers mass* offsets less than four nucleotide fur dinucleotide DTNRs mass 
offsets less than 2 nucieotides. Other iy\>i-$ of offset, such aa may be found when 
multiplexing dinucleotide repeat ioei with tetranucicotido or complex nucleotide 

20 repeat loci, will be apparent to one skilled in the art. 

This approach overcome* the TOF-MS limitations for size partUiovriug, wliere 
the PCR™ product Tor the allele range of two or more sets of possible loci do qui 
overlap, by taking advantage of the high mas* accuracy associated with mass 
spectroscopy within the high resolution mass range (below -1 60 nucleotides in size). 

25 Although thifv method is currently most useful for oligonucleotides below - 1 60 

nucleotides, this size is a function of the number of nucleotides in ihe repeat as well as 
the resolution of the mass spectroscopic method. Therefore, larger oligonucleotides 
arc also useful with the presenl invention, particularly where larger repeat sequences 
(tetra- vs. dinucleotide s) or as advances in mass spectroscopy allow for greater mas* 

30 resolution in higher mass range*. 
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This multiplexing method involves the design of specific primers thai, produce. 
Nucleic acid extension products for a first locus with defined allele mass values. Thy 
primers for the .second locus arc then chosen so thai while the mass ram;c for the 
different alleles overlap* with the mass range tor the first locus, the specific allele 
5 mass values differ irotn those of the first locus and therefore csn be uniquely resolved 
by TOF-MS. The identity of each allele, defined by the specific Nucleic acid 
extension produce being characterized, is uniquely determined using the high 
aeeuruey molecular mass values provided by TOF-MS. In contrast, gel^bascd 
methods arc not capable of providing accurate muss values for uniquely identifying 
1 0 each product within a multiplexed, allelically interleaved mixture of Nucleic acid 
extension products. The basic limits tor this multiplexing tnclhod are defined by the 
ability to resolve all possible, or nil common. Nucleic acid extension products within 
a mixture. Potentially a* many as 10 different ioci might be interleaved and fully 
resolved. 

15 The invention further relates u> primers designed lo characterize 33 HXA 

repeat markers useful for auman identity testing. Applications include forensic and 
paternity resting as well sis genetic mapping studies. These DTNR marker are useful 
m PGR™ amplification, preferably as pairs or oligonucleotide primers, and in other 
methods of primer extension may be used as single primers, the extensor* products of 

20 which may be accurately detected by mass spectrometry as they ate smaller than those 
used previously with electrophoresis separation methods. 

These new oligonucleotide primers are designed lo mulch a portion of the 
flanking regions for DTXR loci consisting of: CSF1PO, D3S1358, D5S81R, D7S820, 
I>8S1179,D13S317 ? D16S^ 

25 HPRTB, 11101 , TPOX, DYS3S8, DYS39L DYS392, DYS393, D2S1391, D18S535, 
D2S1338,D19S433, D6S477, D1S51S, D14S306, D22S684, F13B, CT>1, 0125391, 
D1US220 and D7S523. With iht exception of D3S13S8. sequcuces for the STR ioci 
of this invention are accessible u> the general public through OcuBank using the 
accession number* tilled in Table 1. The sequence ID Numhers ytven in Tabic 1 

30 correspond to the DNA sequence o fthe DN A tandem repeat regions of each locus ami 
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its flanking regions. Flanking sequences further from the DTNR region could easily 
be obtained by one of skill iu the art by accessing the GenRank livings. FIGS- 3A-3P 
display mass spectra for each of the 5TR loci iistcd in TABLE t. Fl will be apparent 
lo one skilled in the art that small variation of these primers will also serve effectively, 
5 for example, adding or deleting one or a few bases from the primer and/or shilling the 
position relative to the template sequence by one or a few bases. 

Hie use ofu hybridization probe of about 14-25 nucleotides in length a)low.s 
the fbnnulion of a duplex molecule thni is both stable unci selective. MoleeuJes 
Living contiguous complementary sequence* over stretches greater than 1 4 bases in 
0 length are genera! !y preferred, though, in order to increase stability and selecii vil y of 
the hybrid, and thereby improve the quality und degree of specific hybrid molecules 
obtained. One will generally prefer to design nucleic acid molecules having gene- 
complementary stretcher of J 5 to 25 contiguous nucleotides, or even longer when: 
desired. 

Hybridization probes may bo selected from any portion of any ofihe 
sequences disclosed herein. All that is required is to review the primer sequences set 
forth in '1 able I or to any continuous portion of the sequence as in the DTNR loci, 
whose locus sequence ID numbers arc listed in Table 1 or any oihsr DTNR locus, 
from about 14-25 nucleotides in length up to and including the full length sequence, 
that one wishes to utilize as a probe or primer. The choice of probe and primer 
sequences may be governed by various factors known to those of skill in the art. 

The process of selecting and preparing a nucleic add segment thai includes a 
contiguous sequence from within the DTNR loci, whose locus sequence ID numbers 
lire listed in Tuble ] or any other DTNR locus, may altemartivcly be described as 
preparing a nucleic acid fragment. Of course, fragments may also he obtained by 
other techniques such aa, e.g., by mechanical shearing or by restriction enzyme 
digestion. Small nucleic acid segments or .fragments may be readily prepared by, tor 
example, directly synthesizing the fragment by chemical mains, as is commonly 
practiced using im automated oligonucleotide synthesizer. Also, fragments may be 
obtained by application of nucleic acid reproduction technology, such as the PCR™ 
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technology <>r (J, S, Patent 4,683.202 {incorporated herein by reference}, by 
inlrodticing selected sequences imo recombinant vccUn-s for recombinant production, 
and by ruber recombinant UK A techniques generally known to those of skill in the art 
of molecular biology, 

5 Accordingly, the nucleotide sequences or the invention may be chosen tor 

their ability lo selectively form duplex molecules with complementary stretches of the 
flanking regions of DN A nucleotide repeal, regions. Depending on the application 
envisioned one will desire to employ varying conditions of hybridization to achieve 
varying degrees of selecii vily of probe towards target sequence. For applications 

10 requiring high selectivity, one will typically desire to employ relatively stringent 
conditions to form the hybrids, e.g.. one will selccl relatively low sail and/or high 
temperalure conditions, such as provided by a salt concenlTnliuD of from about 0.02 \f 
to about 0. 1 5 M *h!i m temperatures of from ubout 5(TC lo about 7U D C. Such 
selective conditions tolerate little, if any. mismatch belween the probe and the 

1 3 template ox 1 target strand. 

Orcourse,fbr some applications, less stringent (reduced stringency) 
hybridization conditions will be tolerated by the primer extension system in order to 
allow Mifuciently specific formation of the heteroduplex of primer and target DN A. 
In these circumstances, one may desire to employ salt conditions such as those of 

20 from about 0. 15 M to about 0.9 M salt, at temperatures ranging from about 20*C to 
about 55 W C. Cross-hybridizing species can thereby be ruadiiy identified as positively 
hybridizing signals with respect to control hybridizations. In any case, it is generally 
appreciated that conditions can be rendered more stringent by the addition of 
increasing amounts of tbmiamidc, which serves to destabilize the hybrid duplex in the 

25 same manner as increased temperature. Thus, hybridization conditions can be readily 
manipulated Lo ensure that a primer sequcnee will yield L^tensiun product mainly 
from the desired target DTNR locus. 
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At least one of the primers in each locus-specific pair contains a biotin moiety 
at the 3' -end and a phosiphorocbioate linkup attached 10 a T near Ihe 3'-end for » 
capture and release assay rising slreptaviditi-eouLeci magnetic heads (PCT Patent 
Application Xo. WO 96/37630). Although many of the specific primers of the present 
5 invention are designed for use in such a capture and release assay, .such primes need 
not contain either solid-binding or cleavable sites, or may cnnuim any combination of 
them. 

The purpose of such an assay is to increase mass resolution by (1) allowing for 
higher purities of the nucleic ucid extension product and (2) decreasing the size of Ihe 
10 nucleic acid extension product. Binding to a soh'rf support fulfills the first goal by 
allowing for stringent washes and removing die complementary strand of the DMA 
which provides cumulative information and complicates ihe mass spectra decreasing 
Ihe resolution. 

litis assay may he used lo isolate single-stranded or doublc-strauded amplified 

1 5 target nucleic acids. Typically, at least one strand or an amplified target nucleic acid 
in bound lo a solid support to permit rigorous washing and concomitant removal of 
salt adducts, unwanted oligonucleotides and enzymes, Either a doubie-atranded 
amplified target nucleic acid or a single-stranded amplified target nucleic acid m:iy be 
isolated for mass spectrometric analysis depending upon the stringency of the wash. 

20 The single-stranded arnpli Tied target nucleic aeid analyzed may be either the slrand 
bound or not bound to the solid support. If the unbound strand is used for MS 
analysis, it is purilicd by first washing the bound strand and its attached complement 
under conditions not safiiciendy rigorous to disrupt the strand. After unwanted 
biomoleculcs and salts are removed, the complement can then be released under more 

25 rigorous conditions. Cle Livable linkers or cleavable primers may then be used to 
release ihe bound strands from the solid support prior to MS analysis. 

The second goal is met by having cleavable she* in Ihe primer. Such 
cleavable 3ilcs also eliminate unnecessary sequences and allow for the use of a capture 
and release assay and for primer modification for the interleaving multiplexing 

30 method, described herein. For example, moving die cleavable site along the pri mcv 
backbonc directly modifies ihe mass of die PGR™ product. The cleavable site is 
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typically introduced via a eleavable primer unit the clcavablc site is located outside of 
the region of interval. CleavaWe primers may include those comprising m 
exonuclease blocking moiety, a Type IIS restriction cndonuclouK recognition site, 
and a Type 11 restriction endonucleasc recognition site. 
5 Tlie target nucleic acids may, thus, be reduced in length by May of the methods 

known that will etaiv* within one or more flanking regions preferably without 
cleaving within the region of interest. Exemplary mclhods of reducing length include: 
cleaving nt endogenous restriction endonuclcase cleavaWe sites present in one or more 
flanking regions but absent in the n?gion of inLurasi; cleaving at restriction 

1 0 midunuctaue clcavablc sites at or adjacent to restriction endonuciease recognition 
sites incorporated into one or more flanking regions by use of one or more clcavable 
primers comprising said restriction cnctomiclcasc recognition sites: cleaving at a 
combination of restriction endonuciease cleuvable sites wherein the sites arc 
endogenous and/or introduced using mismatch or overhanging primers; and selective 

1 5 digestion of one or more flanking regions using exonuclease and an exonuclease 
blocking moiety io protect tlie regions of inicrcsl from digestion. 

The restriction endnnucleases employed with the present invention include 
type 11 and type ITS restriction cndonucleascs. The restriction endonuciease 
recognition sites may hi: eilher within a primer region, or oulskte the primer region, so 

20 long as the restriction endonuciease clcavablc silcs are within one or more flanking 
regions and preferably not within a region of intercsl . F or type 11 restriction 
endonuclcjjses, the restriction endonuciease recognition silo is ihe same as the 
restriction endonueiease clcavablc site. For Type IIS restriction cridunueleases, tlie 
cleitvable site is at a defined distance away from one side of the recognition site. 

25 Anolher embodiment of the invention involves using a cleavaWe primer 

having an exonucJease blocking moiety. Aller amp] ification of Uie target nucleic acid, 
Lhe amplified target nucleic acid will include an exonuclease blocking moiety. The 
amplified target nucleic acid is then created with a 5' to 3 r exonuclease, which 
decades the strand containing the exonuclease blocking moiety in a y Lo 3 f direction 

31) only up lo the blocking inoicly. The 5 r to 3' exonuclease may optionally degrade the 
other complementary strand of the amplified target nucleic acid, in eases where the 
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other strand does not have an cxaxroclcasc blocking moiety. The treatment wir.h the 5' 
to 3' exonuclease leaves a reduced length, singlessirarjdcd amplified target nucleic 
acid for mass spectro metric analysis. 

Clcavable sites may aIjso include chemically cleavablc gnwps incorporated 
5 within the phosphate backbone linkage {e.g. ^placement of phosphnle with a 

phosphoramidate) or us h substituent on or repJacsmeni of one of the buses or sugars 
of the oli«omicieotide primer (e.g. a modified base or sugar, for example, a more 
labile givcosidie linkage). Such chemically deavable groups would be apparent to 
one of skill in the art in light of the present disclosure and include, for example, 
dialkoxysilane, 3 r -(S)-phosphorothioate, 5HS)-phosphoroihioate. 3'-(K)- 
phosphoroarnidate. 5"-(K)-phosphoTOamidate, and ribose. FIGS. 16A and depict 
ti .^-(Si-phosphorothtoale and 5'-(S}-phosphorothioatc, respectively as defined in this 
invention. Note that these linkages are often referred to qs triphosphates as well A 
similar nomenclature is employed for 5'-(N>phosphoRi«midate. 5'-(K). 
pliosphoroamid»ic. The chemically cleavablc site should generally be nabli: unite the 
tnnpHfication, hybridisation and washing conditions to be employed and is preferably 
within one or more of the flanking region*. 

in a preferred embodiment, the cleavablc site is located near the 3' end of the 
primer used U> bind the amplified target nucleic acid to the solid .support, hy locating 
the cleavablc site near the 3 r end, it h possible to further reduce the length of the 
amplified target nucleic acid, eliminating a flanking region from the polynucleotide 
region of interest. Cleavablc primers are described in PCT/I JS9&061 16, filed April 
26, 19% (incorporated herriu by reference). 

The primer poirs described in this invention may be combined to generate 
overlapping PCR™ product sizes which arc all distinguishable by mass. 

EXAMPLE 1 

JPCK CONDITIONS FOR MULTIPLEXING D>TNR RESm , TS 
Template: 5 ul, 1 :1000 dilution of AmpFlSTR Green I Allelic Ladders (PE 
Applied liiosystems; contains common alleles from the STR loci CSF1PQ, TTOX, 
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and THOJ and the $cx-typing marker nmelogenin): for regular samples, 2-5 iiL of 1-10 
ng of human genomic DtvA was added lo the PCR reaction. 

Reaction Mix; 20 uT. reaction with JX $TK buffer (Promcga; contains J .5 
mM MgCU 200 uM dNTPs, etc.}, 1 t.l Taq polymerase: (I'romega), 20 pmol forward 
5 and reverse primers with one of them being a primer containing a biotin inoiulv on the 
5*-end and a thiodiymine residue near the ,V-cdU of the oligonucleotide. 

Thermal fading: In 0.2 ml tubes in art MJ Research DMA Engine (block 
temperature) 94 C C for 2 min: 35 cycle* 94 f, C for 30 sec, 60 "C for 30 see r 72 n C tor 
30 sec; 72 °C for 5 min. 

10 

E XAMPLE 2 

SAMP LE PURIFICAT I ON KQR MULTI PI ,KXW<; DTNR RESUL TS 

A typical binding/wasliiny protocol tor purifying samples Tor IVFNR 
15 multiplexing includes the following steps: 

a) Wash 10 uL strcnLividin-cualcd magnetic beads with 2X binding/wash 

buffer 

b) Repeat a second lime 

c) Add 5 ul, 5X binding/wash buffer then add -19 uL of PGR sample to die 
20 beads (I uL was rerrwved Tur an agarose gel check) and vortex sample tube for 1 5 min 

at slow speed 

d) Wash beads wilh 30 uL of 2X binding/ 1 wash buffer 
c) Wash beads with 30 uL of 0,1 K NaOH 

f) Add 30 uL of 0.1 N NaOH and vorlex for 10 min at slow speed 
25 g) Wash bead* with 30 uT . of 0.1 N NaOH 

h) Wash beads with 30 uL of?_0 mM ammonium acetate 

i) Repeat step (h) five times 

j) Wash beads with dcionized water 
k) Repeat step (j) twice 
30 Kote after each slep, the supernatant Ls removed while the beads are 

magnetically beld in die bollom of the tube. 
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After purification rhc solid bound strands were released by cleaving at ihc 
chemically cleavablc ihiophospl™te site by the following procedure: 7 ul. of 0.1 inM 
silver nilraLe was added and rhe sample were incubated at 48 n C for 15 min.; ihe 
supernatant was then transpired to a clean lube and 2 uL of 70 rnlvf DTI was added; 
i and finally the sample was driest in a speed vacuum. For mixed sample* ihe preceding 
protocol was modified in that aliquols of the samples {e.g., ? uL T1I0J ladder - 3 uL 
TPOX ladder) were mixed before the drying step. 

EXAMPI/E 3 

10 MSAKAL YSISFOR MULTIPLEXING "DTNK RFSTI I/r* 

The matrix consisted of a 5: 1 molar ratio of 3-hydroxypieolinie acid (3^HPA; 
Laneaster Synthesis) to picolinic acid (PA; AldricIV) unci was prepared by mixing ] 8 
uL of a freshly prepared saturated 3-1 IP A solution (-0.5 M) with 2 uL of 1 M PA 
The sample to be analyzed was reconstituled in 0.5 uL of the mauix and 
1 5 manually spoUed on the sample plate. 

Ihe instrument condition* employed with a linear time-of-f light mass 
speciromcLcT consisted of the following: aeeeleration voltage of +20 kV: delay of +3.6 
kV al 1 . 12 usee; laser siting of 1 79 on the polarizer, muss gate of 5M usee; and 400 
shots. A 2-point mass cal ibration with a ) 5-mer (4507.0 Da) and a 36-mer (1 0998.2 
20 Da) wa s empl o ye d . 



E XAMPLE 4 

Oligonucleotide primer* are typically prepared by the phosphnrumidite 
approach. In this automaied, solid-phase procedure, each nucleotide is individually 

25 added to the 5^end of the growing oligonucleotide chain, which i* in turn attached at 
the 3'-end to a solid support. The added nucleotides are in the form or trivalcnt 3- 
phosphoramidites thai are protected from polymerization by a dimethoxy trity] 
("DMT") group at the 5-position. After base induced phosphoramiditc coupling, mild 
oxidation U> give a pemavalent phospholri ester intermediate and DMT removal 

.10 provides a new site tor oligonucleotide elongation. These syntheses may he 

performed on a Pcrkin Elmer/Applied Diosystems Division DNA .synthesizer. 'Ihe 



WO 99/14375 PCT/US98/1 9578 

.14 

oligonucleotide primers are then cleaved u(T the solid support, and the phosphodi ester 
and exocyclic amino groups are depretected with ammonium hydroxide. 

The biotin, and y - and 5'- (S) phosphorothioatc linkages arc also prepared in 
an automated iiishion from phosphoramiditc intermediates using similar procedure 
5 and either modi fled buses or activated and protected linker molecule*. 

EXAMPLES 
TWO STAGE MULTIPLEXING REAC TION; 
OUTSIDE PRIMERS KQJR EIICITFE LEVE L MULTIPLEX FOLLOWED KV 
10 SINGLE DKN TV. KMJ1N ATJON 

A triplex PCR reaction was run wilh 10-ng human genomic DXA lemplate in 
a 20-lL PC'K reaction. Primers specific for ihu Lhre STR loci CSF1PO, TPOX, and 
I'KOl were used as described by \ fuan^ uf al These primers produce larger sized 

1 5 PCR products than die primers listed in this psUciU and the primer sequences from 
Table 1 lor these three STR loci are within the product region. 

Multiplex PCR components: 20 \xl. nation containing L5X Taq buffer ) I (VE 
Applied nionyucnw). 200 fiM rtNTPs ? 1.3 mM MgCl 2 , 1 L" AmpliTaq Gold (PE 
Applied Biosystems). 0.5 uM each primer 

20 Thermal cycling was informed in 0,2 mL tubes using an MJ Research DNA 

Engine f calculated temperature) with the ±bllow^ri£i cycling parameters: 95 >C for 1 1 
min; 40 cycles: 94 °C for 30 see, 64 Tor 30 sec, 68 °C Ibr 45 sec; 70 X for 10 min 

following PGR. the sample was treated with shrimp-alkaline phosphatase 
(SAP) to hydrolyxc the unincorporated dNTPs. Typically, I U SAP was added to 

25 each 20 uL PCR sample. The sample was then incubated at 37 °C for 60 minutes 
followed by heating at 75 J C Tor 15 minutes. 

A multiplexed primer extension assay was then performed using cleavable 
primers for the three STR loci. The reaction included three regular deoxynueleotide 
triphosphates (dXTP) to allow incorporation thi\mgh the STR repeat region and a 

r>0 single dideoxyimclcoiide triphosphate (ddNTP) u> ball extension (see Bourn, et a!.). 
The icrriiiTWiliou by the ddNTP shortened the measured STR allele. 



WO 90/B4375 rCT,'LS98;i9578 

Multiplexed printer exiL-rision reaction components: 20 reaction containing 
IX Taqf ? S buffer (PF, Applied Biosystems), 2A U TaqF5i, 200 pM dGTP, 200 \xM 
d ATP, 200 uM dTTP, 400 |*M ddCTP, 40 prnol CSFIPO primer (SEQ ID XO: 1 00), 
20 pmol TPOX (SEQ TD NO;3 1), 20 prnol THOl (SEQ TD NO: 1 03), nod 2 mL SAP- 
? treated PCX product (as described above). 

Thermal cycling tor extension reaction was performed in 0.2 ml lubes using 
an MJ Research DNA Engine {calculated temperature) with ihc following cyelinsj 
parameter; 95 "C for 2 min; 30 cycles: 04 P C for 30 sec, 55 {, C for 30 sec, 72 °C for 
45 sec; 60 P C for 5 min. The resuliuni product was purified and analyzed as detailed 
ft in the examples above. 

As seen in Figure 8A, the possible alleles including nnenwariants, such *s 
THOl 9.3. are resolvable from one another in all three S IR systems even though they 
overlap in ihc mass range. Figure &B illustrates a result with ihis particular S Hi 
multiplex. The wimple contains a homozygous TPOX allele 8, heterozygous TH01 
5 alleles 6 and 9.3 , and a homozygous CSri PO allele 1 2. In this puriieular c vc, Ihc 
stond containing an AATG or ATAU repeat was used in all three STR iuei so that the 
same tHdcoxyiiticleotide (ripboshate (ddQ eould be used to Lerrninaie the strand on the 
opposite side or (he repeat from the cleavable primer. After the extension reaction 
with ih^ ddNTP and the cleavage reaction, the repeat region unci only a flanking few 
bases on ciriwr side of the repeal are present for the three STR loci. Mass accuracy as 
well us resolution and sensitivity are improved in the mass spectrometer by going to 
smaller sizes for the STR alleles using ihi* approach. 

EXAMPLE 6 
TWO STAGE MULTM'LEXrNG REACTION: 
O LTSTOE PMMF.RS F OR Hi CHIRR LEVEL MULTIPLEX FOLL OWniiHV 
PRIMERS JIN LOWER 1 .EVFX MIU/nP LEX THAT FROBIICE 
SMALLER PCTR PRODUCT S! 

In a situation where there is a small or limited amount of DNA template 
available, a highly multiplexed PCtt reaction may be performed initially followed by 



WO <W14375 PCTVUSWI 9578 

36 

a second sui£c PCR with primers that are interior (i.c, closer to the repeat region) than 
those contained in ihe first multiple* ("nested PCR"). The first multiplex ixmjd 
include. Tot example, 8-14 SI R loci that ate PCR-amplified simultaneously. Aiitjuols 
of rhese amplieony could then be divided and rc*mpKfied in a second PC'R reaction 
5 with primers for a subset of the STR loci already amplified. For example, six duplex 
unctions or four triplexes with miss spectroscopy primers could be performed to 
measure all of the STR loci in an initial 12-pU:x reuaiun. Primers used in these 
duplexes could be from those listed in Table J . Provided that the primers for the first 
stage multiplex are outside (or at least identical to) the second stage primer sets, this 

10 approach will work for any PCR-compalible primers, 

The advantage of the nested PCR approach is that a SAP-treatment is not 
required (us in example 5) before the second stage reaciiori as dNTPs are used, 
However, measured STR alleles will be longer and thus more challenging to analyze 
in the mass spectrometer I bun STR allele products created with the primer termination 

15 reaction (ddN) approach described above. 

EXAMPLE 7 

FT* PAPER U SE D TIN PUR REACTIONS IN PL ACT! OF KXTRA CTKlMjNA 

20 Liquid blood was stained on an KIA™ Card (Life Technologies, 

Oaithcrahurgt MD) and allowed to air-drv Tor 1 hour. A small portion of blood- 
stained paper was cut out of the center of the sjhjI imd placed in a 0.6 mL tube. An 
aliquot of 50 |aL FT A™ Purification Reageut (Life Technologies) was added to the 
tube and vortexed for several seconds. The tube was allowed to sit for 5 minutes at 

25 room temperature. The cube was vortexed again and the liquid in the tube was 

removed. Another aliquot of 50 jiL 1TA™ Purification Reagent was added iu the 
tube and the vortexing and wailing steps we repeated as described above. The 
FTA lM paper was then washed a third time with FTA™ Purification Reagent and then 
washed iwice more with deionized water. After these washes, the liquid was removed 

30 with a pipet and the FTA™ paper punch was left in the rube to air-dry tor 1 hour. 
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The <fri©d punch was added directly io t»CR amplification mix in place of 
extracted human genomic DNA. PCR was performed as described in ihe other 
examples with no changes to ampl ificaiion conditions or Teagenis. No decrease in 
PCR efficiency was observed when the FT A™ paper was compared to standard K562 
5 human genomic DNA templates. The use of F L A™ paper greatly facilitates the 
automation of DNA typing procedures as extensive UNA extraction is n<;( needed 
from liquid blood sampler. 
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t . A method lor analyzing UNA tandem nucleotide repeal alleles at a DNA 
tandem nucleotide repeat locus in a utrget nucleic acid by mass spectrometry, said 
method comprising 

a) obtaining a target nucleic acid comprising a DNA tandem nucleotide repeat 

region; 

b) extending the target nucleic ncid using one or more prima* io obtain a 

5 limited size range of nucleic acid extension prxxlucts, wherein one or 

more primers arc complememHTv to a sequence flanking the DNA 
tandem nucleotide repeat of said locus; and 

c) determining the mas* of the nucleic acic extension products by m*m 

spectrometry. 

2. Tbi: method of claim J , wherein a .V end of one or more primers immediately 
10 flunks a DNA tandem nucleotide repeat region. 

3 . I he method of claim 1 , wherein one or more primers comprise a sequence 
coinpiemenlary to up to one tandem repeal of the DNA tandem nucleotide repeat 
locus. 

15 

4. The method of claim 3. wherein one or more primers comprise a sequence 
complementary to up to two tandem repeats of the DNA tandem nucleotide repeat 
locus. 

20 5, The method of claim 4, wherein one or more primers comprise a sequence 
complementary to up to three tandem repeats of the D>JA tandem nucleotide repeat 
locus. 

6. The method of claim I , wherein at least one primer comprises a deavaUe site. 
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7, The method of chum 6, wherein the cJeavable site comprises a recognition sire 
tor a restriction endonuclease, an exonuclease blocking site, or a chemically cleavablc 
site, 

8. The method of claim 7. wherein the cleavable site comprises a chemically 
cleavablc silc. 

5 

• l ) The method of claim 6. wherein wherein at least one primer is capahlc of 
attaching to a solid support. 

1 0. The method of claim 9, wherein at lca*1 one primer comprises biotia or 
10 tliEoxigenin. 

11. The mclhud of claim 1 , wherein the extension of at least one primer is 
terminated using a chain isrinuiation reagent, 

1 2. The method of claim 1 2, wherein the chain termination reagent is a 
1 5 dideoxynucleotule triphospate. 

13. The method of of claim I , wherein the locus is selected from the group 
consisting of CSF1PO, D5S8tR, D7S820, D8SI 179, D13S3I7, D16S5."?9 ? D1GS539, 
D18S5I,D21S1 L DYS19,F13AI.FES/F1% 1 GA, IIPRTB, THOLTPOX, DYS388 T 
DYS39L DVS392, DYSigi,D2S139l, D18S535, D2S133S, Dl 9S43? ? D6S477, 

20 Dl S5 1 K, D 1 4*306, D22S684, Fl 3iJ, CD4 T DI2S391, Dl 0S220 and D7S523. 

14. The method of claim 1 3, wherein two of the primers Comprise a pair of 
sequences selected from the yroup consisting of 

a sequence according to SF.Q TDMO;i and a sequence according to 
SEQ1DN():2; 

a sequence according to SEQ TD NO:3 and a sequence according to 
SEQ TD NO;4; 
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a .sequence according to SEQ ID NO:5 and a sequence according ii> 
SEQ1D\0:6: 

a sequence according to SEQ ID NO:7 and a Sequence according to 
SEQ ID KO:&i 

a sequence according to SEQ ID NO:9 aud a sequence according to 
SEQ ID NO: 10: 

a sequence according to SEQ ID NO:! 1 ami it sequence according to 
SEQ ID NO: 1 2; 

a. sequence according to SEQ ID NO:13 and a sequence according to 
SEQ ID NO: 14; 

a sequence according to SEQ IJ ) NO: 15 and a sequence according lo 
SEQ IT) NO: i 6: 

a sequence according to SEQ ID NO: 1 7 and a sequence according lo 
SEQ ID NO: 18: 

a sequence according to SEQ ID NO: 19 and a sequence accordi rig lo 
SEQ ID NO;20; 

a sequence according to SEQ ID NO:21 and a sequence according lo 
SF.QTDNO:22; 

a sequence according to SEQ ID NO:23 and a sequence according to 
SEQ1DN024; 

a sequence according to SEQ ID NO:25 and a sequence according lo 
SEQ ID NO:26; 

a sequence according to SEQ ID \0;27 and a sequence according to 
SEQ ID N0:28; 

a sequence according to SEQ ID NO:29 and a sequence according to 
SEQ ID NO:30; 

a sequence according to SEQ ID \0:31 and a sequence according to 
SEQ IDKO:32: 

a sequence according to SEQ ID NO:49 and a sequence according to 
SEQIDNO:83; 
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a fujqucnce according lo SliQ ID NO:52 and it sequence aceoiding to 
SEQIDNO:&4; 

a sequence according to SHQ ID NO:54 and a sequence according to 
SFjQIDNU:85; 

a sequence according 10 SF:Q 11) NO:56 and a sequence according to 
SHQ1DK0:86; 

a Sequence according 1o SEQ ID \*0:58 and a sequence according to 
SF,QTDK0:S7: 

a sequence according to SEQ .(D NO:59 and a sequence according to 
SF.Q ID NO:88; 

a sequence according to SEQ JD NO:62 and a sequence according lo 
SEQ ID KO:R<h 

a sequence according to SEQ ID NO:6.1 and a sequence according to 
SEQ1DNO.90; 

a sequence according U> SEQ ID NO:f>6 and a sequence according to 
SEQ1DN0:91- 

a sequence according lo SEQ ID N0:f>7 and a sequence according to 
SEQ IDNO:92: 

it sequence according to SEQ ID NO:70 and » sequence according to 
SEQ IDNO:9'3; 

a sequence according to SEQ TDNO:72 nod ii sequence according to 
SFQIDNO:94; 

a sequence according to SF.Q ID NO:74 and a sequence according to 
SEQ ID NO:9.x 

a sequence according lo SEQ ID NO:76 and a sequence according to 
SF.QTDNO:96; 

a sequence according to SEQ ID NO:78 and a sequence according to 
SEQ1DN0:97; 

a sequence according to SFQ ID N0:80 iuid a sequence according Uy 
SBQlDl\iO:9K; 



WO 99/14375 PCT/US98/1957A 

46 

a sequence according lo ISb'Q ID NO:66 and a sequence according k> 
SEQ IDNO:99; 

a sequence according to SHQ ID NO: 1 3 and a sequence according to 
SKQ 11) NO: 100 and 

a sequence according to SRQ ID NO: Ifl I and a sequence according lo 
SEQ ID NO: 103. 

1 5. The method of claim 14, wherein more than one lar<icl nucleic acid is extended 
lo produce more than one nucleic acid extension product. 

] 6. The method of claim 15, wherein lbs mass of more lhun one DN A tandem 
nucleotide repeat allele ai more than one DNA. tundem nucleotide repeat loci aic 
determined .simultaneously. 

17. The method of claim J 6, wherein the DNA tendem nucleotide repeat loci have 
overlapping allelic maSsS ranges, 

1 8. The method of claim J7 f wherein the nucleic acid extension products have 
interleaving mass spectral peaks. 

1 9. The method of claim 1 7, wherein at least one nucleic acid extension produci 
contains a mass modified nucleotide, 

20. The method of claim 1 7 ? wherein the length of at least one nucleic acid 
extension product is reduced by cleaving the nucleic acid extension product at a 
cleavable site. 

21. The method of claim 20. wherein the cleavable site comprises a restriction 
endonuclcasc cleavage site, an cxonucleasc blocking site, or a chemically cleavable 
group. 
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22. The method of claim 2 1 p wherein the ctoavable site comprises a recognition 
sire for a restriction endonuclcasc. 

23. The method of claim 21 , wherein the ekavable site comprises an exonuclcase 
5 blocking site. 

'24, The method of claim 2 1 » wherein dw cJeavable niie comprises a chemically 
elcu.va.bk siLv, 

1 0 25. The method of claim 2(3, wherein wherein the first primer is capable of 
attaching (o a solid support. 

26. The method of claim 25, wherein Ihu first primer comprises bkrtin or 
digoxigetun. 

27. A method Tor multiplexing the identification of more than one DNA tandem 
1 5 nucleotide repeat region from more than one DNA tandem nucleotide repent loci, 

comprising: 

obtaining more than one nucleic acid extension product by extending one or 
more primers complementary to sequences flanking the DNA Laadem 
nucleotide repcttt region, and: 
20 determining the masses of more than one nucleic ticid extension product 

simultaneously by mass spectrometry, 
wherein the nucleic acid extension products have overlapping allelic mass ranges. 

245. The method of claim 27 : wherein a .V end of one or more primers immediately 
25 Hanks a DNA tandem nucleotide repeat region. 

29. The method of claim 27. wherein one or more primers comprise a sequence 
coinpiunusnUiry to up to one landem repeal of the DNA undem nucleotide repeat 
locus. 
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3D. L'he method of claim 29, wherein one 01 more primers comprise a sequence 
complementary lo up to two tandem repeats of the UNA landen nucleotide repeal 
locus. 

5 

3 1 . The method of claim 30, wherein one or more primers comprise a sequence 
complementary i.o op to three Landcm repeats of the DNA tandem nucleotide repeat 
locus. 

10 32. The method of claim 27, wherein the extension of at least oiil- primer is 
icnnuiaied using a chain termination reagent. 

33. The method of claim 32, wherein the chain termination reagent is a 
dtdeoxy nucleotide triphospale, 

15 

34. The method of claim 32, wherein at least one targen nucleic acid extension 
product contains a mays modifying iTOtip. 

35. The method of claim 3'1 , wherein the mass modifying group comprises a mass 
20 modified nucleotide. 

36. The method of claim 34, wherein the mass modifying group coi n prise* a 
n on stand;! rd d eoxy ribo a ueleo lide» 

37. The method of claim 27, wherein the cleavahle site comprises & recognition 
site Tor a restriction cndonuclease, an cxonuclease blocking site, or a chemically 
cleavabkrsile. 

25 

38. The method of claim 37, wherein the cleavable site comprises it recognition 
site for a restriction endonucleaae. 
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39. The method of claim 37, wherein ihe deuvabfe site comprises aa exomickaso 
blocking site. 

40. The method of claim 37, wherein the ekutvable site comprise* a chemically 
5 cleavablesite. 

41. The method of claim 34, wherein the mass modifying group is incorporated 
during extension of liie nucleic acid extension product. 

42. The method or dmm 34, wherein the mass modifying group is incorporated 
0 after extension of the nucleic add extension product. 

43. A method tor multiplexing the identification of more ihnu one DNA *audem 
nucleotide repeat region from mora than one DNA Umdem nucleotide repeat loci, 
comprising: 

5 obtai ning more than one nucleic acid amplification product by amplify ing iwii 

or more primers complementary lo sequences flatlkin^E liie DNA tandem 
nucleotide repeat region; smd 

determining the masses of more than one nuclcie acid amplification product 
simultaneously by mass spectrometry, 
0 wherein the nucleic acid extension products have overlapping allelic mass ranges. 

44. The method of claim 27. wherein a 3" 1 end of one or more primers immediately 
flanks a DNA tandem tutc bolide repeal region. 

45. The method of claim 27, wherein one or more primers comprise a sequence 
complementary to up to one tandem repeat of the DMA tandem nucleotide repeat 
locus. 



46. The method of claim 45, wherein one or more primers comprise a sequence 
complementary to up to two tandem repeal* of the DNA tandem nucleotide repeat 
locus. 
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47. The method of claim 46, wherein one or mocu primers comprise a sequence 
complementary ro up to three tandem repeals of the DNA tandem nucleotide repeat 
loots. 

s 

48. The method of claim 27, wherein at least one larpci. nucleic acid amplification 
product con I. w us n mass modifying group. 

49. The method of claim 34, wherein the mass modifying group comprises a mass 
1 0 modified nucleotide. 

50. T he mcchod of claim 34, wherein the mass modifying group comprises a 
nonstandard deoxyribomideottdc. 

5 1 . The method of claim 27. wherein the cleavabie site comprises a recognition 
hum for a restriction endotiuclesise, an exonudease blocking silo, or a chemically 
eleavable site. 

15 

52. The method of claim 37, wherein the eleavable site comprises a recognition 
site for a restriction endom release. 

53. The method of claim 37, wherein the eleavable site comprise an exonuelease 
20 blocking site. 

54. The method of claim 37, wherein the eleavable site crnnprises a chemically 
eleavable site. 

25 55. The method of claim 34, wherein the mass modifying group is incorporated 
during amplification. 
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56. The method of claim 34, wherein the: mass modifying group is incorporated 
after amplification. 

57. A kit lor analyzing alleles of a DNA uintfem nucleotide repeal Jocus in a largo. 
5 nucleic acid by mass spectrometry, comprising 

a first primer complementary jo a sequence flanking a DNA tandem nucleotide 

repeat rc^on of said locus, and 
a sucond primer complementary to a sequence flanking a DNA landem 
nucleotide repeat region of said locus. 
10 wherein Hie first primer nut! second primer are used to generals a limited size range of 
nucleic aeid products for analysis by mass spectrometry. 

58. The rueilhod of claim 57, wherein a 1 ? end of one or more primers immediately 
flanks n DKA luiidem nucleotide repeat region. 

1 5 59. The method of claim 57, wherein <i 3 * end of one or more primers immediately 
flank a DNA uindem nucleotide repeat region. 

60. The kit of claim 57, wherein at leasi one of ihe first primer or the second 
primer comprise a sequence complementary to up to one tandem repeat of die DNA 

20 Eaiideni nucleotide repeat loeus, 

61 . The kit of claim 57, wherein al least one of the first primer or the second 
primer comprise a sequence complementary to up to rwo tandem repeats of the DNA 
tandem nueleotice repeat loeua, 

25 

62. The kit of claim 57, wherein at least one of the first primer or ihe second 
primer comprise a sequence complementary to up to (hree tandem repeat* of the DNA 
tandem nucleotide repeat locus. 



The kit of claim 57, wherein the first primer comprises a cleavable site. 
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64. The kh of daim wherein the doavable site comprises a recognition site tor 
it restriction eiKkmuclease, an exonuclease blockiug site, or a chemically clcavablo 
site. 

65. The kil of claim 64, wherein the dcavable site comprises a recognition site fo- 
il restriction endonuclcase, 



66. The kit of claim 04, wherein the cleavablc site comprises w chemically 
cleavable $itc, 

67. The kit of clai rn 6^ wherein wherein the Inst primer is capable of attaching to 
10 a solid support. 

68. The kit of claim 67, wherein the first primer comprises biotin or digoxigenin. 

69. The kit of claim 51 wherein the UNA tandem nucleotide repeat iocus is 
selected from the group consisting of CSH PO, D5 S8 1 Si, D7S820, D8S 1 179, 
D13S3I7, D16S539, D16S539, D18S51, D21S1 l,DY$19. F13A1, FES/VPS. KJA, 
HPRTB,'ni01. TPOX, DYS388, DYS39J.DYS392, DYS393, H2S1391, D1SS535, 
D2SI33S, D19S433, D6S477. D1 S518, D 1 4S306, U22S684, F 13R. CD4, DJ2S3M, 
D10S220 and D7S523. 

70. The kit of claim 69. wherein the first and second primer comprise a pair of 
sequences selected from the jproup consisting of 

a sequence according to SEQ ID NO: I and a sequence according to 
SEQ ID iSC):2; 

a sequence according to Sf-Q ID KC):3 and ii sequence according to 
SHQ TD NO:4: 
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a sequence according to SEQ ID N():5 and h sequence according to 
SEQ ID NO:6; 

a sequence according to SEQ ID XO:7 and a sequence according lo 
SEQ [DNO:8: 

a sequence according to SEQ ID NO:9 and a sequence according to 
SF.Q ID NO: 10; 

a sequence according to SEQ ID NO:1 1 mid a sequence according to 
SEQ ID NO: 12; 

a sequence according to SEQ TD lNO: 13 and a sequence according to 
SEQ ID NO: 14; 

a sequence according to SEQ ID NO: 15 and a sequence according io 
SiiQTDNO:l<j; 

h sequence according Lo SEQ ID NO: 17 and a sequence according u» 
SEiQ ID NO. I R; 

a sequence according to SEQ ID NO: 19 and a sequence according to 
SnQTDNO:20; 

a sequence according Lo SEQ ID N(>:21 and a sequence according to 
.SEQ JDNO:22; 

a sequence according to SEQ ID NO:23 and a sequence according to 
SF.Q ID NO:2'l; 

a sequence according Lo SEQ TD NO:?.5 and a sequence according to 
SEQ 10X0:26; 

a sequence according to SEQ TD NO:27 and a sequence according to 
SEQTDNO:2S; 

a sequence according u> SEQ ID NO:29 and a sequence according uj 
SEQlDNOrlO; 

a sequence according to SF.Q ID NO 3 1 and a sequence according*) 
SF.Q TD NO: 32: 

a sequence according to SEQ ID NO:49 and a sequence according to 
SEQ ID NO: 83; 
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a sequence according lo SEQ ID NO:52 and a. sequence according to 
SEQ ID NO: 84; 

a sequence according lo SEQ ID NO:54 and a sequence according to 
SEQ ID NO; 85; 

a sequence according to SEQ ID NO:56 and a sequence according to 
SPOIL) NO: 86; 

a sequence »ccording lo SEQ IDNO:58 and a sequence according to 
SEQIDNO:87: 

a sequence according to SEQ II.) NO;59 and a sequence according to 
SEQ ID NO: 88; 

a sequence according to SEQ ID NO:62 and a sequence according to 
SFQIDNO;89; 

a sequence according lo SEQ ID NO:63 and a sequence according to 
SEQ ID NO:90; 

a sequence according lo SEQ ID NO166 and a sequence according to 
SEQ ID NO:91; 

a sequence according lo SEQ ID NO:67 and a sequence according to 
SEQ TDNO:92; 

a sequence according to SEQ ID NO:70 and a sequence according to 
SEQ ID NO:93; 

a sequence according lo SEQ ID NO:72 and a sequence according to 
SEQ IDNO;94: 

a sequence according to SEQ TT> NO:74 and a sequence according to 
SEQTDNO:95; 

a sequence according m SEQ lDNO:76 and a sequence according to 
SEQJDNO:96; 

a sequence according to SEQ ID NO:78 and a sequence according to 
SEQ TD KO:97: 

a sequence according to SHQ ID NO:80 and a sequence according to 
SEQIDKQ:98; 
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a sequence according iu SEQ ID XO:<>6 and a sequence according to 
SEQ IDKO;99; 

a sequence according to SEQ TO N0:3j and a sequence according Ui 
SEQIDNOilQOaiul 

a sequence according lo SEQ ID NO: 101 and a sequence according to 
SEQ ID NO: 103, 



71 . A kit for anaiy/nnj; alleles of more lhan one DMA tandam nucleotide repeat 
locus in a uanjet nucleic acid by mass spectrometry, comprising 

a plurality i if primers, wherein each said primer is complemeni^ry to a 
5 sequence flunking a DKA tandem nucleotide repent region and selected 

Ui yeuerme a limited size range of nucleic acid products for analysis; of 
said locus by mass spectrometry upon extension. 

72. . The method of claim 7 1 f wherein a 3 * end of one tir mote primers immediately 
1 0 flanks a DN A tandem nucleotide repeat region. 

73. The kit of claim 71, wherein at least one of the plurality of primers comprises 
a. sequence complementary to up to one tandem repeat of ihc UNA tandem nucleotide 
repeat louu:>. 

15 

74. The kit of claim 71, wherein least one of the plurality of primers comprises 
a sequence complementary to up to two Uuidem repeats of ths DNA tandem 
nucleotide repeal locus. 



20 



75. The kit of claim 7 L wherein at least one of the plurality of primers comprises 
a sequence complementary to up to three tandem repeat of the DNA tandem 
nucleotide repeat locus. 
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76. The kit of claim 71, wherein the extension of at least one primer is terminated 
using a chain termination reagent. 

77. The kit of claim 7 1 , whurem the chum termination rc&gcnl is a 
5 dideoxynuclcoiidg triphospate. 

78. The kit of claim 71 , wherein at least one of the plurality of primers comprises 
a cleavablc site. 

79. The kit of claim 78, wOierein ihc ctavablc site comprises a recognition site for 
» restriction endomicleaac nn exonucleasc blocking site, or a chemically clciivoble 
site. 

10 80. The kit of claim 79. wherein the cleavable site comprises a recognition sile for 
a restriction eudu nuclease, 

8 J . The kit of claim 79, wherein the cleavablc site comprises a chumicully 
clcavubli; sile. 

1? 

82. 1 he kit of claim 78, wherein wherein at least one o f the plurality of primers is 
capable ofal inching io a solid support. 

S3. The kit of claim 82, wherein at least one or (he plurality of primers comprises 
biotin or digoxigenin. 

84. The kit of claim 71 wherein at least one of Ihc UNA tandem nucleotide repeat 
loci i5s selected from tlie group consisting ol CSFIPO, D5S818, D7S820, DRS1 179, 
DI."iS:>17.Dl6S539 r Dl6Sfi39.Dl^5l,D2lSlL DYS 1 9, F1 1 A 1 , FKS/FPS, FGA. 
Hl'RTB, THOLTPOX, DYS3SK, DYS391, DYS392, DYS?>93, D2S1391, D18S535, 
D2S1338, D19S433 ? D6S477, 018518,0148306,1025684, FI3H,C1M P D12S39L 
DlOS220and D7S523. 



WO W'14375 FCT/i;S9lWl95'7& 

57 

85. The kit of claim 84, wherein two of the plurality of priraeis comprise a pair of 
sequences selected from the group consisting of 

a sequence according to SHQ ID NO:l and a sequence according to 

SF.Q7DNO:2; 

a sequence according to SEQ ID NO.3 ami a .sequence according io 
SEQ ID NO:4; 

a sequence according to SEQ ID N05 and a sequence according to 
SEQ ID NO;6; 

a sequence according to SEQ ID NO:7 and a sequence according lo 
SEQTDNO*; 

a sequence according tu SEQ ID NO:9 and a Sequence according «o 
SEQ ID NO: !0; 

a sequence according to SEQ ID NO: 11 and a sequence according to 
SEQlL>NO:12; 

a sequence according to SEQ ID NO: 13 and a sequence according to 
SEQ TT)NO:14, 

a sequence according to SEQ ID N0:15 and a sequence according to 
SEQ ID NO: 16; 

a sequence according to SEQ ID NO: 1 7 and a sequence according to 
S£Q ID NO: IS; 

a sequence according to SEQ ID NO: 1 9 and a sequence according to 
SEQIDNO:20; 

a sequence according to SF.Q ID NO:21 and a sequence according to 
SEQIT)NO:22; 

a sequence according u> SEQ IDNO:23 and a sequence according to 
SEQ1DN0:24; 

a sequence according to SEQ ID NO:25 and a sequence according to 
SEQU.)KO:26; 

a sequence according to SEQ IDN0:27 and a sequence according to 
SEQIDX0;2S: 
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a sequence according lo SEQ ID NO;29 and a sequence according to 
SEQTDNO:30; 

■a sequence according to SEQ ID NO:3 1 and a sequence according to 
SEQ ID NO:32; 

a sequence according to SEQ ID NO:49 and a sequence according to 
SEQIDNO:83; 

a sequence according to SEQ TD NO :52 and a sequence according to 
SHQ IDNO:84; 

a sequence according to SEQ ID NO: 54 and n sequence according to 
SEQ ID.\0:8S; 

a sequence according lo SEQ IDNO:56 and a sequence according lo 
SEQ 1DN0:86; 

a sequence according to SEQ IDNO:58 and a sequence according to 
SEQ IDNO S7; 

a sequence according (o i>EQ IDNO:59 and a sequence according to 
SEQ1DN088; 

a sequence according to SEQ TDNO:62 and a sequence according to 
SEQIDNO;8y; 

a sequence according to SEQ ID NO;63 and a sequence according to 
SEQ ID NO;90; 

» sequence according to SEQ ID NO:66 and a sequence according to 
SEQIDNO:91; 

a sequence according in SEQ ID NO:67 and a sequence according lo 
SEQ1UN0:92; 

a ssquence accouling to SEQ ID NO:70 and a sequence according to 
SEQTDKO:93, 

a sequence according lo SEQ ID NO:72 and a sequence according to 
SEQIDNO:94; 

a sequence according to SEQ ID NO:74 and a sequence according to 
SEQIDNO.95; 
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a sequence according to SEQ ID XC):76 and a sequence according to 
SEQ ID >s 0:96; 

a sequence according to SEQ ID XO:78 and a sequence according to 
SEQ TD\0;97; 

a sequence according to SEQ ID NO:80 and a sequence according 10 
SfcQ 1DXO0R; 

a sequence according iu SEQ ID NO:66 and a sequence according to 
SEQID\0:99; 

a sequence according to SEQ TD NO:33 and a sequence according lo 
SEQ IDXOrlOO and 

a sequence according to SEQ ID IvOrlOl and :i sequence according to 
SEQ ID NO; 103. 

86. An oligonucleotide pt iincr comprising a nucleic acid sequence complementary 
to a sequence Hanking a DNA tandem nucleotide repeal lu^ion, wherein extension of 
the primer generates nucleic acid products for mass spectral analysis, said nucleic acid 

5 products having 1 0 to 1 00 nucleotides in length. 

87. The method of claim 86, wherein a 3' end of one or more primers immediately 
Hanks a DNA tandem nucleotide repeat region. 

88. The oligonucleotide primer of claim 86, further comprising a sequence 
complemenlary lo up to one tandem repeat of the DNA tandem nucleotide repeal 

10 locus, 

89. The oligonucleotide primer of claim 36, further comprint? a sequence 
complementary lo up to wo tandem repeats of die DNA tandem nucleotide repeal 
locus. 



15 
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W. The oligonucleotide primer of claim 86. turthcr comprising a sequence 
complementary to up to three tandem repeals of the DNA tandem nucleotide repeat 
locus. 

5 91 . The oligonucleotide primer of claim 86 wherein the locus h elected from tbc 
group consisting ofCSHPO, D5SK18, D7S820, D8S1179, D13S3J7,D16S53 ( A 
D 1 6SS39, D I SS5 L D21 S 1 1, DYS 1 9, V 1 3 A I , FRS/PPS, FOA, HPRTB, TH01. 
TPOX DYS388, DYS39L DYS392, DYS393, D2S1391,T)18S535 f D2S133& 
D19S433, D6S477, DIS518.. D14S306, D22S684, H3B, CD4, DJ2S3S>1>D10S220 
U) undD7S523. 

92. The primer of claim 86, wherein the sequence flanking the DK A tandem 
nucleotide repeat locus comprises a flanking sequence selected from the group 
consisting of a sequence according to SEQ ID NO; 104. a sequence according to SEQ 
ID NO;105 t a sequence according lo SEQ ID NO: 106, a sequence according U> SEQ 
ID NO:107 ; a sequence according to SEQ IT) NO: 108, a sequence according to SEQ 
ID NO: 109, a sequence according lo SEQ ID NO: 1 10, a sequence according: k> SEQ 
ID NO : 1 1 K a sequence according to SEQ TD NO: 1 12, a sequence according to SEQ 
ID NO; 1 1 3, a sequence according to SEQ ID NO: 11 4. a sequence according to SEQ 
TD NO: 115* a sequence according to SEQ ID MO: 1 16, a sequence accoriing to SEQ 
ID NO: 1 1 7, a sequence according to SEQ \D MO: 1 1 8, a sequence according to SEQ 
TD NO; 119, a sequence according to SEQ ID NO: 1 20.. a sequence according to SEQ 
ID NO: 12 1 % a sequence according to SEQ ID NO: 1 22, a sequence according to SEQ 
ID NO: 1 23 . a sequence according to SEQ TD NO; 1 24, a sequence according to SEQ 
ID NO: 125, a sequence according tu SEQ ID NO: 1 26. a sequence according to SEQ 
TD NO; 127, a sequence according to SEQ ID NO: 1 28, a sequence according to SEQ 
ID NO; 129, a sequence according to SEQ ID NO: 1 30, a sequence according to SEQ 
[DM0:131, a sequence according to SRQ ID NO: 1 32, a sequence according to SEQ 
ID NO: 133, a sequence according to SEQ ID NO; 134, and a sequence according to 
SEQlDNO:U5. 
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93. The rnelhod of claim 9'2, wherein a ?>' end of one or more primers immediately 
flanks a DNA tandem nucleotide repeal region. 

94. • The oligonucleotide primer of claim 92, further comprising a sequence 

5 complementary io up to one tandem repeat of the DNA tandem nucleotide repeal 
locus. 



95. The oligonucleotide primer of claim 92. further comprising a sequence 
complementary to up lo two tandem repeats of the DNA tandem nucleotide repeat 

lOCUS, 



96. The oligonucleotide primer of claim »2 t wherein the primer further comprises 
10 a sequence complementary m up to three Tandem repeats of the DNA Uindeni 

nucleotide repeat locus. 

97. The oligonucleotide primer of claim 86, wherein the oligonucleotide primer 
further comprises a cfeavahle site. 

98. The oligonucleotide primer of claim 97, wherein the deavable site comprise* a 
recognition site Tor n restriction endemic I ease, an exonuclcaw blocking silo, or a 
ehcmiewily deavable site. 



99. The oligonucleotide primer of claim 91 , where! n the oJigonuclcotide primer 
comprises a nucleotide sequence selected from tlie group coupling of a sequence 
according to SEQ ID NO:!, a sequence according lo SEQ ID NO:2, a sequence 
according to SEQ ID N0:3. a sequence according io SEQ ID N 0:4, a sequence 
according to SRQ TD N0;5, a sequence according ro SEQ ID N0:6, a sequence 
according to SRQ TD NO:7, a sequence according to ST»Q TD K0;%, a sequence 
according to SEQ TD NO;9, a sequence according to SFQ TD NO; 10, a sequence 
according lo SEQ ID NO : U , a sequence according to SEQ ID NO: 12, a sequence 
according u, SEQ ID NO : 13, a sequence according i 0 SEQ ID NO: 14, a sequence 
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according to SEQ ID NO: 15, ;i sequence according to SUQ ID NO: 1 6, a sequence 
according io SEQ U* NO: 17, a sequence according 10 SEQ 1 1> NO; 18, a sequence 
according to SEQ ID NO: 1 9, a sequence accorcling to SEQ TD KO50, a sequence 
according to SEQ ID N0:2l, a sequence according to SEQ ID NO:22, a sequence 
according to SEQ ID NO:23, a sequence according to Sh<) ID NO:24, a sequence 
according to SEQ ID NO:25, a sequence according to SEQ ID NO;26, a sequence 
according to SEQ ID N0;27, a sequence according to SEQ ID NO:28, a sequence 
according to SEQ ID NO:29 ; a sequence according to SEQ ID NOSO, a sequence 
according to SEQ ID NO:3E a sequence according to SEQ ID NO:32, a sequence: 
according to SEQ ID NO:33. a sequence according to SEQ ID NO;34, a sequence 
according k> SEQ ID NOI35, a sequence according to SEQ ID NOtffi, a sequence 
according to SEQ TF) N0:37 ? a sequence according lo SEQ TO NO;.! 8, a sequence 
according to SEQ ID NO:39, a sequence according to SEQ fD NO:4D, u sequence 
according to SEQ IT) NO;41, a sequence according Lo SEQ II.) NO;42 : a sequence 
according to SEQ ID NO:43, a sequence according to SEQ ID NO:44, a sequence 
according to SEQ IT) NO;45> a sequence according Li SEQ IT) NO;46> a sequence 
according to SEQ ID NO:47, a sequence accurdiug to SEQ ID NO:48, a sequence 
according to SEQ ID KO:4'J, a sequence according to SEQ TD NO; 50, a sequence 
according to SEQ ID KO:5 1 , a sequence according to SEQ ID NO:52. a sequence 
according to SEQ ID KO:53, a .sequence according lo SEQ ID NO:54, a sequence 
according to SEQ ID TSS0;55, a sequence according to SEQ ID NO:56, a sequence 
according lo SEQ ID 140:57, a sequence according to SEQ ID N0.5&, a sequence 
according to SEQ ID NO:59, a sequence according to SEQ ID NO:60, a sequence 
according to SEQ ID N0;6l, a .sequence according to SEQ ID N0;62, a sequence 
according to SEQ ID N0:63, fl sequence according to SEQ ID NO:64, a sequence 
according lo SEQ ID NO:65, a sequence according to SEQ JD NO:66, a sequence 
according to SEQ ID NO;67, a sequence according to SEQ ID NO:68, a sequence 
according to SEQ TD N0:69, a sequence according to SEQ ID NO:70, a sequence 
according to SEQ IDN0;7L a sequence according to SEQ ID N0:72» a sequence 
according to SEQ ID N0:73, a sequence according to SEQ TD N0:74, a sequence 
according to 8KQ ID NO:75, a sequence according to SEQ ID _\0:76, a sequence 
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according to S1IQ ID \0:77, a sequence according to SFQ ID NO:78, a sequence? 
according to SEQ ID XO:79, a sequence according to SEQ ID NO:80, a sequence 
according to SKQ ID \0;8l, a sequence according to SEQ ID NO:82, a salience 
according to SKQ TD XO:83, n sequence according to SKQ ID NO:84, a sequence 
according to SEQ ID NO:8S, a sequence according to SFQ ID NO:86, a sequence 
according to SKQ ID XO:87, a sequence according lo SEQ ID NO:88, u sequence 
according to SEQ ID XO:89 > a sequence according to SEQ ID NO:90, a sequence 
according to SEQ ID \0:9l. a sequence according to SEQ ID JNO;92 > a sequence 
according to SKQ ID NO:93, a sequence according lo SEQ ID NO:94, a sequence 
according to SEQ TD \0;95, a sequence according lo SEQ ID NO:%, a sequence 
according to SEQ ID N():97, a sequence according to SEQ ID 1*0:98, a sequence 
according to SKQ ID NO:99, a sequence according lo SEQ ID NO: 1 01), a sequence 
according to SEQ ID NO: 1 0 1 , a sequence according to SKQ ID -NO: 102 and u 
sequence according lo SEQ ID "N0:1U3, 

I U0. The oligonucleotide sequence of claim 99, wherein the oligonucleotide primer 
further comprises a cleavahlc site. 

1 01 , The oligonucleotide primer of claim 1 00, wherein ihc oligonucleotide primer 
further comprises hiotin or digoxigenin. 

1 02. The oligonucleotide sequence of claim 99, wherein the oligonucleotide 
sequence is selected from the group consisting o.f a sequence according to SKQ ID 
NO:2, n sequence according to SKQ ID NO:4. a sequence according xo SEQ ID NO:5, 
a sequence according to SFQ ID NO:7, a sequence according to SHQ ID NO:9, a 

5 sequence according to SHQ ID MO: II , a sequence according lo SEQ ID NO: 14, a 
sequence according lo SEQ ID NO;IG, a sequence according to SFQ ID NO:17, a 
sequence according to SEQ ID NO:I9, a sequence according to SFQ ID KO:2 1 , a 
sequence according to SKQ ID NQ:23, a sequence according to SFQ ID NO:25, a 
sequence according to SKQ ID NO:27, a sequence acceding 1o SEQ ID >sO:30, a 
)0 sequence according to SEQ ID\0:3l, a sequence according hi SKQ ID NO:83, a 
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sequence according to SfcQ ID NO:84, it sequence according uj SEQ ID NO;85, a 
sequence according to STI Q ID NO:8f\ a sequence according to SEQ ID NO:87, a 
sequence according to SHQ (D NO;88 t a sequence according to SEQ ID NO:89. a 
sequence according io SfcQ ID NO:90. ;i sequence according k> SEQ ID NO;9l, a 

5 sL-quertec according to SFQ ID NO:9X a sequence according to SEQ ID NO:93, u 
sequence according to SL:Q ID NO;94,a sequence according to SHQ ID XO:95, a 
sequence according io SHQ ID NO:96, u sequence according Lo SEQ ID NO;97, a 
sequence according to SFQ LD NO:9R, a sequence according to SEQ ID NO:99, a 
sequence according to SEQ ID NO: 100, a sequence according to SFQ ID NO: 1 01 , y 

1 0 sequence according En SfcQ ID NO: 1 02, and a sequence according to SEQ ID 
NO:t(V}. 



1 0.1 . An oligonucleotide primer comprising a nucleic acid sequence complementary 
to a sequence flunking a D\ r A tandem nucleotide repeat locus and a eleavable site, 
1 5 wherein extension of Ihc primer generates a limited size range of nucleic acid products 
for mass spectral auidysis. 

1 04. The oligonucleotide primer of claim 1 0.1 % wherein the cieavablc site comprises 
a recognition site for a restriction endonuclease, an exomielease blocking site, or a 
chemically eleavable site. 



105. The oligonucleotide primer of claim 103, further comprising a sequence 
complementary to up to one tandem repeat oT Lhe DNA tandem nucleotide repeat 
locus. 

1 06. The oligonucleotide primer of claim 1 03, further comprising a sequence 
complementary to up to two tandem repeats oflhL- DNA tandem nucleotide repeal 
locos 
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107. The oligonucleotide primer of claim 1 03, further comprising a sequence 
complementary to up to ihree tandem repeats of the DXA tandem nucleotide repeat 
locus. 

5 1 08. The ol igonucleotide primer of claim J 03 wherein (he locus is selected from the 
group consisting of CSF1PO, D5S818, D7S820, D8S 1 1 79. DJ3S317, D 16S539, 
D1 6S539, D 1 8S5 L D2t S : 1 , DYS 19, PI 3 Al , EES/EPS, FGA, T IPRTR, 1110 1 , 
TPOX, DYS38R. DYS391, DYS392, DYS393, D2S139L D18S535, D2S1338, 
D19S433, D6S477, Dl $518. D14S3U6, D22S084, F1 313, CD4. D12S39 1, D10S220 

10 andD7S523. 

109. This primer of claim 103, wherein Ihc sequence flanking the UNA tandem 
nucleotide repeal locus comprises a flanking .sequence selected from the group 
consisting of a sequence according to SF.Q ID NO: 1 0'1 , a sequer.ee according to SEQ 
ID NO: 105, a sequence according to SEQ ID NO: 106. u sequence according to SEQ 
ID KO:107, a sequence according to SFQ ID NO: J08, a sequence according to SEQ 
ID NO: 109, a sequence according to SEQ ID NO:l 10, a sequence according to SFQ 
ID N 0:1 1 l f a sequence according to SFQ ID NO: 1 12, a sequence according to SEO 
ID NO: 1 1 3, a sequence according to SEQ ID NO: 1 14, a sequence according to SFQ 
ID NO: 1 1 5. a sequence according lo SEQ ID NO: 1 1 6, a sequence according to SEQ 
ID NO: 117, a sequence according to SEQ ID NO: 1 18, a sequence according to SF.Q 
ID NO:l 19,a sequence according to SEQ ID NO; 120. a sequence according to SEQ 
ID NO:12L a sequence according u» SEQ ID NO:122, a sequence according lo SEQ 
ID NO:123, a sequence according to SEQ ID NO: 124, a sequence according to SEQ 
ID NO:125, a sequence according to SEQ ID NO: 126, a sequence according to SFQ 
ID NO:127, a sequence according u> SEQ ID NO: 128, a sequence according to SFQ 
ID NO:12S), a sequence according to SEQ ID NO: 130, a sequence according to SEQ 
ID NO: 131, a sequence according to SF.Q ID NO: 1 32, a sequence according «o SEQ 
ID NO:133, a sequence according to SFQ ID NO: 134, and a sequence according to 
SEQ ID NO: 135. 
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1 1 0. The oligonucleotide primer of claim 109. further comprising a sequence 
complementary to up to one landern repair of the DNA landcm nucleotide repeat 
locus. 

111. The oligonucleotide primer v r claim 109 t tiirthcr comprising a sequence 
complementary lo up to two tandem repeals of the DNA tandem nucleotide repeal 
locus. 

5 

112. Jh\z oligonucleotide primer of claim wherein the primer further comprises 
a sequence complunumuiy to up lo three tandem repeats of tin; D\A tandem 
nucleotide repent locus. 
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SUBSTITUTE SHEET (RULE 26) 



WO <WM3?S 

SEQUENT 

<:. I r>> nutler, John M. 
Li, . ilia 

KariFortvR, iJcseph A . 
Backer, chri&Lopher H. 

*-2vJ:. DHA TYPING *Y MASS SPECTROMETRY 
REF32YF WRKBRS 

^--J unknown 
«L41?» 1998-00-1.3 

<iso> 

<d70> Fater.tZ.-i Ver. ^.o 

<210> 1 

<2ll> 22 

-U12> CKj\ 

<213> E-lmr.o capicns 

<1D0> 1 

acagtaaetg cct^cata^a tag 

«2iA> 2 
<2ll> 22 
<212> RNA 

>'2l.):. Homo sapiens 



PCT/US98/19578 



f. S STING 



WT-T1 PfJLYMQRPaiC DNA 



23 



«220> 

<221> r.iisc liaLura 



WO 99/14375 



2 

<22 3> BioLinylHhp.d 
<230> 

<Z2l-* nisc_fcaturs 
'. 222 > (21) 

<223> P 1 - de-o^y thymidine - 5 ■ - ($} -uhjot-phorotaioabe 
<400* 2 

<210> 1 
«:2i±:> :i<) 

*"2v>^ nomo scioier-ss 

c? C tg C af: tic s.at c r.c-gg- 

<;21I>> 4 

%".211> 2C 

<21V-' Uonr.o capicns 
<220> 

•?221;« m:_£c feature 

^222> 

<2 2*> ri\otinylaued 
<22u.> 

<2 21> mi5c_featuro 
<222> 119) 

K-2 2iv 2 ' -deoxy thymidine- 5' - (S) -phocphoroth-.oate 



<40n> 4 

atgaaaLuaa c:a^xaggctt:g 



2C 



WO 99/14575 



rCT.'(JS98/l 95731 



3 

<21C> 5 
<?.}.!> 2* 

^2l3> HOiud BapirinH 

*2?l> Tnisc_feaLura 
'■.2*2? (1) 

<223> Sior.i nyl flced 



<22C> 

c'221> TTii^c_£(iAturs 
■^^2;^ (24) 

t.22 3> 2 * Li«nxyt.fcy7lidino- 1 - <y) -jpiunahnrathicaCc 



c40C> 5 



26 



<21Q> 5 

c2l3> Hoiud Hapi-ng 



•;4 00> € 

a.C! l -tTt:Fi-rr: ctatrttttftc cec^atOLu 

<210> 7 
*2ll» 24 
«2L2> 3N<\ 

<21?,> 'tonio sapiens 



f.220> 

<22i> mis^feaLuxy 
<222> (1) 

c223> 3io^inylazQd 



<220> 



WO 99/14375 PCT/US98/1 957* 

4 

>;222> {21) 
<40D;. 7 

CfTicatagtt. fcagaacgaac taac 2 4 

"sail? 25 
<212> DMA 

*:213> Homo sapiens 

aaaaactaLc riatctgtctta tc~a~c 

^21C> 9 
^211:.* 27 
<212> DNA 

<213> Homo sapiens 
<22^> 

<22in micc_f eaiuire 
<222> a; 

Biotirtylated 

*22C> 
<322> (2<S) 

<r?23> 2' dfio^hyrrldine-b'- {s) -ptoaphurcstM oate 
<40C> 0 

tttgtat^tc at^zotacas tcgtc.Lt: 27 

<21Ci. XO 
<2ll> 23 
<212> DNA 

<c2i3> Homo oapisna 



WO 99/14375 



5 



PCT/U$98,1S>57* 



i400> 10 

acctaccctq uacrattattt tcactgtg 

<2"10> i:. 
*?11:< 23 
c2l2> DNA 

<212> Hcno sapiens 



♦:22l> itiiac teature 
<222> (1) 

<22.Z> Bir>tn.r.ylazGd 



<220> 
'.'222; > U2> 

^22V> 2* dooxythyrcidinc-E 1 - -ptofcul:t:rot:Hoate 



<--400-> 11 

occatcl'a*:: gcctatctcjt att 23 
*2io> 

<211> 22 

<:212> DNA 

<: 2 "i 3 > Hone sap i ens 

*4 0O> 12 

gceraaaaag acagacagaa ag 22 

•r2l0> 13 

<211> 2 3 

<212* OKA 

•;213> Horc sapiens 



<-10O> 13 

agacag^cay acaggtggat &<jn 



23 



WO 99/14375 PCTA:S98/1957» 



<210> H 
<2.1.;l> 2^ 
<?-12-> DMA 

<212> Hc^io sap leu a 

<22l> :niuc £<:<2tiir^ 
<.222> (1) 

<223> BriotinylaLcd 
<2'2<>:. 

<-22l:- niiie £ci«jhiirf» 

'i22'i> 2 ' -ceoxy thymidine .=5 1 - (s) -p)sospncrothioat« 

Ltrtct-.gttrt gtcLLL-ficit g*-.a 

«:2J.0v. 1!> 
<221* 21 
<?.1'A* DNA. 

Ho:no Bapieii.j 

■jgac-tgacaa aL-aiugMRCT: - 

<.2ll> 2S 
<2L2> Da A 

< 2 J, 3 > Hotliu L>api f»n =i 
«220> 

<?-^i , > mige feature 
•c2 23> rii.otinylat=d 



WO 99/14375 PCT.1JS98/I9578 

7 

<220> 

<27l> mi s c_f eat v.ro 
'~222> (25} 

<223> 2 « -dR^v:yhhyTT.idine-5 1 ■ (3) -phospltcrc-hi o*r.e 
<10C> 

grcttacaat aacacrttgct astaLL 26 

*:2llj> 2v 
<212> DNA 

<213> Homo sapiens 

<22f>> 

<2 2_l:* 7id.sc_f aature 
Riotir.ylated 

<22D* 

^iiso_f saiure 
<222.> (13/ 

<222> 2' dRC)Jcy7>^\Tlidine-5 , • (S ;. -pjioeyhurot-ioate 
<4Q0> ',7 

t:::caacT.ga* ttgcctteba 

<210> IB 

c211> 29 

<212> PNA 

<21\> L:omo sapiens 

<400> 18 

crtaga^agac t^gauagata gacgataga 29 



<210> is 
<211> 24 



WO 90/14375 



s 



PCTAIS9RM9578 



<220> 

<zy.\v mi 3 cofeature 
c222> (1) 

c223> Bio-inyl.ated 

<221 < > mi £c feature 
<222> (2.3) 

< 22 1 > 2 1 -deoxythymidiiie- 5 ' - (S ■ - phosphor othioates 

< 4 :>0 1 9 

gtgrtttawa teqatagata ggiu 24 

c210> 20 
-:211> 20 
<2L2> DKA 

*213> Homo sapiens 

<430> 20 

rrgt-aaggag a^tutcacta 20 

<2\0> 21 

can-.. 19 

<212> lloir.o sapiens 
cj2l> migc_teaturQ 

<222> (1) 

<22J:« Biozinylated 
<220> 

<221> rtii^c: Ceature 
c222> <15) 

^22i> 2 • -deoxyLhyioidinp.- 5 ' - (S) -phosphoruthioa-e 



WO 9W14375 



9 



PCT/US98.'W57H 



<400> 21 

uii^agraaga CtrcatcL^ 13 

<-2l0> 22 

c211> 16 

<212> DNA 

<">.'. iio'.no sapiens 

<400> 22 

Lcatrtrragt gcatgttc 
<2l2p- DtJA 

«2"_3 v> Hcxo sapiens 

•:220> 

<:22 1*> nu.s?c_f eature 
<222> M) 

<22*> n-.otinyia':<ad 
•■-.22 0> 
<-222> (22) 

■?223> 2" ♦rieoxythyrrdaixiG-B' - (6) -phOBp:;croth:_cati> 
<400;> 23 

t-.tnggaflacra aciga^agcag tto 2 2 

<21D> 24 
22 

«2l2> DWA 

<2_3* nomo sapitoe 
c400> 24 

gcgaaagaat gagacLacLiL <:t fit 



WO PCT/US9a/l9S78 

10 



*2lG* 25 
•tJll;* 27 
-.212 > DNA 

*22C> 

'>22l> mi*c_teaturo 

<222> (l) 

-s22.3> wiot^nylateo 



*220> 

<22l> misc tearuro 



<222n 2 • -taaxyzhyndcina-S * - (s> p::cjf>php-rcthioai:e 
<40G> 

uur.taggc abstthacaa gcuyLt 

«2"!0:' 25 

^211:. 25 

*2i:i> DMA 

<213^ Hc^io sapiens 



tztgtaatzg eca^caaaaa ago&u j 5 

*210> 27 
m211> 2 9 
<r.2.l ?:> QNA. 



«220> 

-■-22 1> luitii: fnahure 
<222> (i) 

<227» liioLii^yluLRd 



WO MA 4375 



PCiVua»V19S78 



11 

<22'L> n\isc fcea-\;re 
-.222> (2R> 

«223> 2«-<>ecxy^yri.c<iT.«-5'- (S) phospho-othioste 

*4D0* 27 

g^ctccatcr ttg^cr.:eLu\. rfcr.tatctq 

<1'J.CI> 

<.2ll> 22 

c.212> ZKA 

':213> IH^mo capiciiu 

<400> 2y 

<2ll> 20 

-*2l2> CMA 

<2Ti> Homo sapiens 

cictgttcctc OCL-athncc 

<2i0:- JO 

<2ll> 21 

<212> DMA 

<2L3>> Hono aapiciiw 

*22'J:« 

■q221 > ni »r_f ^a:urc 
<222> (I) 

<223> BioLinyl^.t.ea 
<220> 

*22l> alac feature 
•;^22-^ :2C)'l 



WO 9 9/ 1 4375 PCT/USW 1 957 8 

12 

<:222> 2 1 -deoxythymidinsr- G 1 - :s j -pbosphoro-H oare 

<4C0» 00 

gggaacacatf actccahggt g ?.i 
c2ll> 22 

-^213 > Homo Bapi.ens 
<-- ^ z (J > 

c221> Oii.uu_r'_:LiLurt: 
c.222> ii:- 

^223 > Baotinylateci 
*:22C> 

<221> rni6C_f e-AZ'jJLM 
<7.2?.* {71) 

^00^ 31 

stragggaac cctcsctgaa tg 22 

*210> 32 
*211> 22 
<212* DNJA 

•s^l J *■< Homo sapiens 
<400> 32 

gtccttgtCA gcgtLLdLLl-. gc 

-;210> 33 

<2il> 7.7. 

<212--- DNA 

<213> Homo aapieTlS 



«400» 33 



WO 99.1437? PCI7LS9&' I 

13 

gt-.gtcagaec: ztcittctiazc; 22 

<211> 2l> 

<212> DNA 

*213> Home:- sapiens 

atgaaaccaa caaaggci;tg 2D 

v.'210*> 35 
<;211> IS 
<212> n>JA 

<21X> Home sapiens 

ctctccygts tccttatgUi uLal-.^. >Zf 

*210> 3€ 
2* 

«212> DN& 

<213:< IlOTfic sapiens 
< '1 0 f> > 36 

-s-ccata^tt tagaa.2ga.1c Luuc: 3 A 

<21D> 37 
*31L> 27 
<^I2> DNA 

<2li> Homo &apiena 
<400?« J 7 

tttgtciLLLt: a-gtgtacat tcc-tatc 27 



<210> 38 
*2ll> *3 



WO 99/14375 PCT/US98/I9578 

14 

^213:.« HOCO Saoisng 
<40f> 

cccatctaac gcctatotgt a~t 2 3 

<21C;* 39 

<212* una 

*21Jv HOttC sapiens 
oiOC:* 39 

tcLchgtttt gtOtLLOu£iL <jatz 24 
26 

012 DNA 

<21'J> Konc sapiens 
<-40C> 40 

gtibtaceat aacag-.LyuL aenart ^& 

<21C-* 41 
<2i: > 20 
<312> DNA 

v Hone sapH.en& 

<:4G0> 4i 

cccaagtgaa LLyccfchcfca 20 

.:^1CU> 42 

*211> 24 

<2i:!:. UNA 

c2l3> Ho:ncj *apienc 



<4C0j. 42 

gtgttttaqa taga^agata ify^a 



24 



WO 99/1 4375 PCT/USWI 957« 

15 

<21C> 4* 

•^2 13 > Horrn na^ienG 



ccigagcaacja zttcatccg Uj 
<210> <\± 

<2X\> 2 J 

Homo sapiens 

<40G> 

ELLUyqagaca agg&tagcao; ttc 23 

<210> 

<2_1?> 2 7 

<2i2:» DMA 

<2"'*> Homo eapiens 



-:4v0> 45 

aacuitta^g*: atatttacaa gc^agtt 2 7 



<21G:> 'I £ 

*:21±> 2y 

*?12> DNA 

<213> Ec:rao sapiens 



<40G> 4I> 

gtc-ccaLo- ttgtctozai cLcfcatictg 



<210> 47 

'-2ll> ^1 

<212> 3K/> 

<213> lionio :»api«n=t 



WO 99/1437S PCT.1).S??.'19578 

10 

c.403> 47 

^cras-cacag ectCCatggL $5 21 

<2'l^> 4* 

*2ll.> 22 

*:212:> DKA 

<313* Horr.o sapiens 

-;4U^ 4a 

cL:.ayggid^c: nctnflctgaa Ifr i2 

<210> -19 

*Iil2;' DNA 

■q.2l3.> Hu:no h rip-. -stir 

•;4C0> 45 

<jLtfugh-ag^ nc-ftragcga t 21 

<210* 50 
<21 I > 1 0 
^2I<>:. UNA 
<213> Home 

<4C0> 50 

g^yL<j«g^gK ccgtctca IB 

<210> 51 
<-'211> 24 

<2ia> :iotoc sapiens 
<400> 51 

ttcsatcata cjaccca~«tc tgtc 24 



<210> 52 
<2XX> 22 



WO 99/14375 



rCT/US98/l!>578 



17 

c212> DNA 

<2i_3> Kqpo cap i ens 

*:400^ 52 

*2l0> 53 
•:2llv is 
<212> DKA 
< 2 .1 .1 > TTorr.r, 9 a -p i. 

*.4 00^ 53 

tttttcttnL abcasc&tt: ly 

<210> 54 
*:211> 22 
^212> DMA 

< 2 1 3 > TTnmo fjc.pienc 

aaarctacca a^cccaztcc r.7 23 

<r211> 23 
'*212^ DN7i 

<2l„"i:» Homo sapiens 
<4C0p- 55 

rrcjtcttcts. c-tgtgtcaa Lac 23 

<210> S<> 
22 

<212> DNA 

<21$* itomo sapiens 
<4C0> 56 



WO 99/14375 

18 



■s21C> 57 
<211> 23 
*212> DNA. 

<21..V> Uoroo sapiens 

*40S> 57 

t-tcj^atttct tggttatag aaa 

*211.> 23 

*212> DMA 

*:213:» Homo sapiens 

aacrccggtas <igag«iL<au:at: aga 

<2L1;> j-B 

Olli.* DNA 

c212:j- Homo sapiens 

<400> 50 

ar.yccacaccc ataaottt 
<2i 0^ GO 

-:i£ll> 22 
<2L2> IMA 

<:2i.3> iiomo sapier.B 
«40G> GO 

gaatgeagag aaagc;yuuL<: rn 

<2l?.:> ENA 

Homo Hfipif.rg 



PCT/USWJ957K 



23 



2} 



18 



WO 99/14375 PCT/IJ548/I 9578 

19 



<40C> 61 

^gaaarggct tg^cctba , ^ 

<21C> 52 
<211> Id 

vZ13> Homo sapiens 

<40l>v. 

<212> DMA 

<:212> hcno sapiens 

•^.10 > C4 
*211> 24 
*212> DKA 

<213> Hocr.o sapiens 

<40>-. (>4 

aatcttccct ctttctacct etc 1 : 24 

<21D> 6£ 
<211> 20 
*2l2.> DNA 

<2-i> Ho^o aapiens 
•;4C0> 6 5 

agyyctg^tg *ggtgaaata 20 



WO 99/14375 PCT/U5W 

20 

<21I> 24 
*:212> EKA 

<213» Tlorro capicns 
*40;>> 66 

tcaacaacaa cacatatauu atc-a 24 

< /H f)> K7 

-;2L2> DN7v 

<2_2> Homo capier.e 

<4fi0:. 67 

•:210> 6S 

c211> 2.1 

c.212> Dtf?\ 

<2X3> Ifrnio Gap i Oils 

lyng-f-Ctcca rjacjaaocaga ate 2 J 

<210> 69 
<21I> 2 9 
<212> DNA 

<21.3* i.onc sapiens 

v 

<40C> 5<3 

c-agLiczagat agaLa^aLa:: cjhAnataoc 2<j 

<3 12* una 

'.'213? Hoi:v:: sapiens 



<40O> 70 



WO 99/14375 FCl'ArSWlSW 

21 

tcaa&rjafjtq acaaacyaaac Laaa 2 4 

<2lf>> 7i 
42X1* 24 

*:213> Hoiro sapiens 

ccatccatct ar.c^tctati LuLfc 2 4 

*:2J.0> 72 

*--21J^ Hon. a sapieus 
<400> 72 

accLacat-a gtCtgvyLLc trr. 

<210> 7."J 
<211> ?A 
<2'l /.^ PMA 

< 2 i j Homo & api en 3 
<±Q0* 73 

aagoaagaat gaccctL^yu ahfch 74 

<210> 74 

<211> 19 

c212> DNA 

<213> Homo GapiciiH 

<40L>> 74 



<.210> 75 
<211:» 2D 
<212> D^A 



WO 99/14375 PCT/US98A.9578 

22 

*213:> HO:Ao feoipisns 
<400> 7S 

sggagtcgsa agciga^cta 3$ 

*210> 75 
<21i> 23 

•^21 J > HO:nc sapiens 
<400:» 7* 

ctgagtgata g^L<ju.yaac: c:-g ; : j. 

<211> 19 
*2X2* DNA 

Hone ospienc 

<400> 77 

<:210> 7U 

c21 ?.> DMA 

< z 1 J HO:iic o£.p n en& 

<400> 7T> 

gcctccatat; Cacti tgagcifc aat 23 

<213> 7 5 

<21L> ?S 

*2l2i. UNA 

^213;- Hu:ncj a«p i ens 

<'100> 7$ 

gcctiactqa c-taccaoaL aacga ^ 



WO 99/14375 



FC17CS98/19S78 



23 

-^21C> SO 
^21J > 21 
-2 1.2 > DNA 

•rJU;* Homo sapif=ne 

c^acfCaagJCL yuuLLL a 2i 

•-:21C> 31 
«211s. ?.?> 
*2XA> DNA 

^ 2 1 3 > Homu i*ap iiin h 
*40C> 31 

Ly^Liariaata r.trctgggaag aU\ 2 3 
<21C> 32 

*213--* Homo ^apicriH 



*:4 0U> 32 

cct<jLLg:i«?j r.fcr.tcaaa&c ca 



<210> 33 
«:2i I > l.e 
<2l2:« ^KA 

^213 > 7-ionuD Rflpieng 



<22Q> 

<22lv miscjeatur?. 
•;22 2> (1*1 

<22^> ^iotinylafcod 



<220> 

<221> TTli5C_f eaLurn 
<222> 



WO 99/14375 



24 



<223> 7:' -ri^oxych.ymidin=*"5* - (s) -phosphcrozhioa*:c 
<4C0> 32 

gcigcqaofaqt cccrtctca 

24 

<.212> DNA 

t :2j.3> Ho^a sapiens 

^21:- TtliSc: feature 

<222> {1} 

<223> BiDhiTiylated 
<;22 0> 

<22l> Tnicc_£eatui-e 

c2-A> 3' -d20XVttiymiair,e-L, r - (S) -plioophOxothinar.ft 

*M00* 34 

tzcaatcata cacccciue.tc tgtc 

<210> 8F, 
c.211> 10 
-c212* DMA 

<m^% Homo asp i ens 

*22 0:»- 

*221> Tnicc_foature 

<222> 11} 

<-22 3> BiDtinylated 
<:220* 

■;221> miec_I€aCUx*c 
<222> {10) 

-■:22.>:. 2' -daoxyth>miiaine-5 ' - ;s) -phosphorot'aioate 



WO 99/14375 19578 



<40C> 3? 

*213> B6 
<21_:v 2 J 

*2l"J> Homo aapiens 



<22ft> 

*22 ±* rr,iGC_£eature 
-:^22> ill 



*220> 

a:221> trif?c_ feature 

-:222:> {21 ) 

<22?.> 2 ' -dacxythyn'.idine-s 1 - ('j) -phogphoroLhioah« 



c210j> B7 

<^11> 23 

**1S> DM7; 

<2i3> Homo sapiona 

«.220,> 

■s22i> mi«c feature 

'•. ^ ^ -i . > \ - * 

■c2^^> Hictinylated 



< 2 2 0 > 

< 2 2 i Tii c c_£ s*. t we 
c22i> {20) 

*222> i'-deoxythyrr.idine-S' - (S) uhngphorothioate 



26 

<:40'D> 67 



68 

<211> 2? 
«:2JL:.*> LtfvA 

<2l3<> HOll.U biip-ElTIR 



<22G > 

<2?A n mi f?c_featlir<5 
n22J> u; 

c22'i> BiuLiiiylafcari 



•;220> 

^22]_> mi ffi^turG 
<222> (2IIJ 

<223> 2' -deOAyLhyttiid: nft-5 \S'> -r:hocphoiOLh^Ocit<* 



■:2ia> 85 

<21I> ia 

«r.212> DMA 

<213> HOTO Sdpi^:ia 



<22i> tni ho feature 
<.222:> 

<2 23> BioCi:lyl«-«d 



<220> 

<22\* misc_fe=\turft 
<222> <17) 

<223> ? > -de.oxyth\-nid^ne-* 1 - <S) ••phoophorothiaar.* 



<400> 85 



WO 99/14375 

agaaatggct tggccttg 



27 



FC17US98/1957& 



IB 



c210*> 50 

<2L1> 24 

<7.17.> DMA 

»:2li^ hor.ic sapiGi-b* 
*:22 0> 

<22.i> nd& c_teatu.ro 

<.22'±-> BioLii_yla_e<: 



<220> 

^221 > ndsc feature 

<222> (25!) 

< 2 2 .1. 2 ' - deoxy tiry mi d ii i« - = 1 - ( S • - p lioa i> h o rot b ioa t e 



<4 0fi> 9C 

aatct^ctct Gtttc^arct CtCT 34 

-:21C> 91 

•;211> 2C 

c212> DNA 

*.213n Homo sapiens 

<t2?0* 

<2'A'-%" miac feature 

<;222> (1> 

<223> DiotinylatQd 



<22-> criiec_i:eaturo 
<272^ US) 

<22'3> 2 1 -d= oxy thymi di no - 5 ' i S i - n ho spho r o t hi c at 6 



<400> S>1 

aggg-LgdU: a^;ytgaaat^ 



WO 99/14375 



PCT/US98/195*8 



28 

.'.212> UNA. 

<213.> HOicuu supi exist 

<220:» 

<22i^. mi?3c_f eature 

<222;> Biot-.inylF.t-.ee? 
<220* 

<22v> 7nicc_fealure 

<229* {22) 

<223> 2' ••dL'oxyhhvTn-ijjine-3' - (3) -phc^:ioru-.ni.oate 

■:40l/;< 92 

gagLL'j-crra gagsaacaga a'.:o 

-i210> 93 

<212> 2<> 

<212n UNA 

<2J.3* Ho WO LiapiiiHR 

<^22l> miac feature 

<222> [1] 

<223> Biotiaylahed 

"v22i> mi e cofeature 

<222* (20 

<223> 2' :ieovrythymidiae-5 ' - (&) -phuspnorsthioatG 



cagac-aqat: agatagaLau ytcicataca 



29 
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<210> 94 
<2L1> 24 

<2:ls> una 

<?.i3> Horr-o sapiens 

<22C> 

<222> (i: 

*223> Bio-vnylaced 



<22' > ir.is^ _ feature 
<222> (23) 

<333> 2« -dAoacyttaynidir.B-5 1 - [3) -p):-::^hnrochioate 



<40C> 94 

c-c^L-catcc atoatc-att tazz 2 4 

<21C> <^ 

<21_> 24 

<212.v PNA 

< 2 1 > XOiU* s ao i en c 



•;22o> 

<.2^I> Tnif?s_f earure 

'.:25 2> (1) 

<22A> Biotiny^ateci 



.;220> 

*:221* Tnisc_ feature 
<222.v 122} 

<-22 3> 2 1 deoxyChymidine-5 1 - (3) • phosphoroil-iioate 

aagaaa^aat gacccjvUjc-H nctt 
<2_0:. SIC 
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<213> Hnrrn n.ip-.ens 
<22Q> 

<22l > raise feature 
<222> (]} 

<;>2*> niotinylated 

<221> mis^_feacure 
<:22 2> its; 

<?./A> "A* -dooxyth Yini dine - 1 ■ - • a 1 -phoBplaorothiua :c 
c40C> 

tgc-^gccncu iLgc-creacta 

<l21C> 57 
<211> 19 
c:212> DN7\ 

<2 13 > Hnnir, sapiens 

<22l> misc_feAfcnre 

*a22* ill 

■^2 23 > Biofciny I af ecl 

<222:> {18) 

<223> ^ • - neo>cythymidine- 3 ' - (3) -ph^sphc-rcthioaLe 

^40C-> 97 



«211> 25 
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<r212v DNA 

<213> Hqjio sapiens 

<221> kuhc: feahu^p 

*:222:> U> 

<223* Biotir.ylaLed 

^223:* 

<22 L> m- afi_-e5tlire 

*:223> 2 * -daoxyLhymicKnR-s ' - (sj - Phosphor OLhioitt 9 

<4V\>? SB 

<211> 2** 

<212:* DMA 

<213:> Hc.no £ap.Lui;a 

*22;>:. 

<22l* riLiii'j feature 
<r222> (1) 

*2 23:> E~z>t iwyi a z ed 
<223* 

<:22l> rrua'j feature 
*222> (22) 

*;223> ?. ■ -deoxyLhyir : id.iiiR-5 1 - - p^ospfcc ro t llioa L * 

<2iu> ioo 

<:211> 23 
<212> DNA 
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::22u> 

< WLz> :nisc_ feature 
*222> (1) 

<223> Biotinylated 

2 2 1 :-• :n i sc t sa -"lire 
<222-- f21 j 

<22i> a ' -decxyrhyir.idij:ii-5 r - (S) -ph«*p'norothioafc« 

^OO:- 100 

asagtaaatj? cct-.-cataga cag 

v-210:-- IDi 

«;211> 22 

*2I2* DMA 

<223:-- Homo sapiens 

q=ctgtr.CCU cJccztatttc cc 

102 
•:^11> 23 
<212> DMA 

*:213:> Homo sapiens 
<£0D> 132 

agg tea cage- gaacacayu<.' fcer 

<2ll>* 133 

<2ll> 23 

<212?< UNA 

<213> Hotnu Kiip-I fins 

•;220> 
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c221> aisc feature 
<-222> IX J 

<?2.^> Howinylaced 



<220> 

*:2 21> niac_f eaturs 
<12?.> (215 

2 1 -decxythv*iidiTw*-b ' - {S/ pho6phorothioat.fi 



<4 00> 10.1 

aqcytcac a gg gaacaca^a;: ^c^- 5^ 

■r2lU> -04 

*212> 3KA 
2 1 3 :> IHonio a ap i er*C 



aa cc tgagtc tgccaagga;.- 
zcj-aaaa^ga agaLaLLtfai: 
ga-agataga caga'_ac T ata 
gggtctgaca caggaaatgc 
agzot^ijOai: Lii-g-gggt.f. 
tagtrrflUflttf tggas 



ag-aactgei ttcatagata. 
ga-agata^a tagatagata. 
zgzccaayLy rgcac carina 
gs^tgqrraa^ ctggagvui-.y 



Lytgtctctag t.rttCCtaL'C 6 0 

k:aay<i-agat agatzagata 120 
^ahaggaagt actta^aaza 160 
cratagzatct oaaaavygtc 240 
gagaazgggc tgaaflar.ggr: joo 

315 



<21f>> I0<? 

<2l2> EKA 
<213 > Homo 



sapiens 



<400t- 105 

tc-aattaaa gtggrgtccc agaLuLil-.ntg 
aLytgazaag ggrgattttc ctctttc'gta 
tagatagata gazagataga z=agatac;afc^ 
cagaluLagn ranaaatgtt gtaaactgtg 
^zznsagcnt zeetctgng* yaygcaatta 
tn-tngc 



tactaataaa aecaLa-.Ltt aatagcaagt GO 
-ccttatgta a hat tit. -gas gatag&taga 120 
gataggtaga ^agaggiaLa aaLaaggaca 1BO 
gcl:abg&ttg gaafctzanf.t-.g gctaaaaagc 240 
rl-.tttttr.ct -sggnactnc ctcanoagLc 300 

J07 
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<*1U* 10* 
334 

<212> DMA 

<2L.V* Homo aapioua 

aaiLttifcg-.a r.tTtttCt&n agacgggg-_L LLa;:catgtt ggtcacqs-c actattfgarrt 50 
^a-fc-t^agg r.taatabata taaag^yLat gatagaacao ttcyicatagt ttiayaaiig^,? 120 
ctaacgcitc^ uL.ugnt-.Agj! t agata^atag atagal-.ujal agaragatas auaracaga: 130 
r.gata^tt'-L ztzttaccte at_-_aaa£agt ctaLaeytas* catztaat-a c-aatattUj 2-10 
gtgcaafctct gtcaatga^cj uLaaai-.gtgg oabcgtteu aiLuLtauga acatatatbc ioi> 
ut!.«gagr.h "t 7 gat a cot cagar.tttad ggyc >34 

<21C-> 137 
<2I.V> 34 0 
<2l2% UNA 

<213> Hduiu uupiATiR 

tggcaairLiiri -ar.gtatttt tr?-s^tccat CfL>r ! -*cattc crtQ"C!r.ahc:h nirctAtct&t SO 

statctatcr. at c tat c tat ctatctatc-L ubfcccccaca r-tftaaaataa tcticaygat. 120 

a^j<jtaaataa af.auyycrar. sh-cacgcaa tgggatacgn La-ag ^gazg aaacLtcraar:- :iao 

aa::bahagct aonbfjftaHct: atactcatgr. acacaatLU: trtaaaagaaa cUjcrcjaacaa 240 

'.jaatacatac ggtbtbfcgnc agcLyLyc:-a ttttacabcc qcaac^acaa Lyt:«-:cagggr. 3-30 

ttcagntLel ^:acatnctr gtcaacatr,r, tgLLaLtttg 340 

<21C> 1A8 

<aii5i a** 

^212> qua 

•k213> Homn sapiens 
<10C> 108 

cgOT^tojgcr. r.gctggacat gg^atcacay aagtctggga tgtggaggac avjLLcahr.tc so 
brtagtgggc aLcugbgnct: ctctgaactc tgaccontct aacgccta-r: bgt-.« tttac* 120 
aatacattat L-tatcta^ct aLcLaLL-tat ctau^hatct atciatctat ctatctaLca iflf) 
ar-catctatc tatcttLuLg tc.ghnhr-t tocnrctgcct *Lygc7caac ccaagttgaa 24 1) 
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ggaggagatu ^gaccaacuu tt::aagctc'_ ctgaatatgi -tUjaa 2£6 



.:21l>;- icy 
<21L> 426 
<212:< DMA 
c213> Uoxo sap-Ous 



<4 0D> 109 

a hggi7f.gr: re r.oacggctfjc aecgggagga 
agcgccz^ac agccccgcsc ccaggagcL^ 
AgtgccaauL MU-'jgLhgfcg ra^aaaicba 
gaaaaceaca qhtcucatc-- -tataLg^ga 
ctbcCczaga r.caatacaga WvjuLagar.s 
Laya-_a^T*-a g.^raga-atC atLrjaaac-ac 
o.car.v=itgcac acacaa&cgL Aaatgg-azrj 
ntbacc 



tgactgtmt cccLiL'Lettrri qr.crr.gccga 60 

gggggt'-taa flaqcttcrr.aa aaagtgiaca \?,C 

aatgca<jaaa agcactgaaa gcaga<r_<r:r:3 utu 

gcauaL-riaag gcagatccca aflctct-^cct 24C 

ggL<Tf.- ? ataga ^agaLagaLa Laga^aga 3 0C 

oaaac:agaga ^ifj]uLquhMq ar.acatgC-L 3i.\l 

ariaaar.-cga tncactntttg ter.ggfJe^L 12C 



*:210n L1C 

<2M> DNA 

•i2lJ:» Hotnc sapxa-* 



<4 0 0> 11C 

astfttiaacg- tcrcagtg«.-Kju cai.ar.hc.= tg 
^d-ct-.-rf..? tcagaaa»aa arraaagaeLay 
^.craaag-aag a&aaagagag ggaaagaaay 
attg-aa9aL' aLchraanac acca^acyaag 
agagaagcea acatgtccac cLtaggctga 
tc<j[jgh-tgt tattzL"_aaa gkagnht&te 



crcs.cr.gsact tcaetszc-ag tgacaaat^ 50 

aaagaaagiAut ayaa.Hcjaaag aaT.gaaarxaa J. St" 

agaaanaq-a aar.aaa^agt agcaasjLytt 18 c 

ctaattt-aa tzttaaca'Ly L_ayganrag 24C 

SQyhfchg-tt arttqtcyttr? tzgctggtacj 3 or. 

Caatactzca Ltaacaatvt 1 



*2lJ;. Ill 
*2ll> 32fl 
<212> HNA 
<213> HOitio ;-5a[)-iRnf! 



<400> 111 

chaccaatca taritgqaagg caaagacaaa gcaay^ar-.r: tcacftCqffcL aqacjeagcrag 50 
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caagac-aaag acaggggagc tzcutgacgg tctgtbatgg gacttt^ctc agtctccaL* 120 

aatatgcgag tcaatcccue oasrgaa^tg ccttctatct aLcLaLutat ctgtctgicr. 100 

grcigtctgi ctgzctatct a-ctasa-cL a^ccacctau c«'it.c:r.ri-cta rotate bate 240 

tabetatcza trrt.atctarc tatcgLu-ah cratccanrtc tstccaccta oLaLLag-ct 330 

gtc7.ctf-.ggng- a ^catrgact asitacaacat otLLaatata tcacagitfca nthtcaagtL 36 0 

atarcataco actccaLaca LLatataaaa crttitasagta tLte^ccctt ctcagty-bfc iso 

atggcLayLa ui.LLLbrjtrti gggrgscarr* =»ctaatLLL battctgeta agtqcfbqaat 4*0 

atb-tttata tccttnaau tattt^Lyag tgttgaLctq ggtaaagt 52 £ 



^■■0> 112 
t211> 194 
c212> DNA 
c.2L3> Hcnc 



s apian 5 



<400> 1 1 2 

ctactcagct tctgttaLag 
tatatatata. gtgLLL.ayu 
r. a gat* gat a gatagaiaga 
t.cactacatg ccat 



LyLLtr-traa tabat^tata 
Lugatngata '.jqt.agatag« 
babag-gaoa u detect =aa 



Cf-attazata zatagLyLta f>0 
Lagaxagata gataga i:aq« 120 
^ccagfl^gga CtCCtbgtcc 18 0 

1*4 



*310» 113 
•;2L1> 3 20 
c212> DNA 

<2L3> Ilcrao sacienc 



*4&0> 113 

cacitgaacc cgggaggtgg 
tgaaa^-ahag aaagargaaa 
ttaaaatttt agggggaaaa 
aaaaccaagL CjLLaLLv.L-.nt 
tggggctaqcj cabczcat-c 
ggatgattca ggaatgeaga 



aggttguuc;: scagccbztg 
gaaarjaaaga aatjaaagaaa 
btttc^aatt Ltbgaacatg 
aahctgcatq gcattaL^aa 
c^gcagejaag fccttgv.aqtt: 



caacagagoa auacttcatc €0 
gaaagagtaa ssgaaaaaaa 120 
saetaaaatg atttlCiayag 1. St- 
ay a tgt^tac zcatcbr.rct. a 4 0 
aggcggisge zc-tggc^crcj 3 Oft 

32L- 



•:210> 114 
<211> 310 
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<400> 114 

gg^ab-tcc;: tatggattgu 

gatttggcct. ggaguugctq 

ggsagaagani fTtttaggaga 

CttatiiUiLL Lat-tattta 

guyi:y«hcfcb ggcccactfle 

cctcccgagc agouaaybag 

1<?2 

<212> UNA 

i:213> hOTOC capi exits 



aa^\.ggggcg igaaabagag 
g^agatggaa -gpgctgt-aa 
caaggatayc agztcaiTits 
gagatqr.agt ctcatbc-t- 
aacc:t:-cacc Ucc-cjaggctc 
c^gggactac 



garrtcaygf.Tvj tcactstgau 50 
•-LcaLiTtagg ga.Tsggctrjtcj 120 
r.t-.r.ntttatt tattbat-ta 18C 
cgccaggcla gagtgr:agtg 24 C 
aagcgab.tr.fc nt.-gcctciao 300 



<4 0C* 11? 

gccccata^y Ltbrgaactc 
caagciayLL Lchr.tCwtic 
ntttcrttct tt.cct^ctLt 
acagacaaab ca 



acagatnaaa ctgtaaccaa 
trtLttctct ttcL^L^tct 
CLOL'H:c:c3t CGZt -tine 



aa~aaaaL_a. ggrah?it.^ta 5 0 
ctztcttil-.nh nhrr.ttcttt 120 
rt-cttttzt. gc-ggca^LL 18 C. 

132 



'>21C> llti 
-.:211> 32C 
<212:v T>WA 
<213* Korac sapiens 

*40C> 116 

aggtatactt ttcLoL^cag 
gLbbacctag aaattatctt 
qtctccatot ^tatccgtct 
ctatcj'^ai.ct ahcraaagca 
acanfqgijtga gagaaagaaL 
aactt^acag aacLaggttc 

*21C> 11? 
<21-* 300 

^213> Homn sapiens 



aahagtt.aga tix-agg-a-a 
c^gtaaaLtrL gtctctatiL 
aroicLubnt-. atctabcbat 
aau^caz.gcc CLletv'Ctat 
L-ggcaggaa btjgggarg-a 



'j^actttgat gtrgacacfca 60 
cr:atctctgt CtCCatcttt 120 
CtatClaLcL abcbat-.czat 180 
ttatbqaa-c gagacca^aQ 24 0 
battafcctgt ggcaLaagga 3 00 

320 
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<400.> H7 

gcnzttccca ^cLcta^^a gcagcLuanc; 

attcaaagg^ tatc-gggct cLjjHSTHftS'st 

LCuLLcafcr.c: atr.cattcat tcafcccatuc 

tqarctgcac tcggaayc:::^ tgtgcccagq 

agcttXtcau csjcauaggAg gggtcttcgg 



Stc-ggggglir: «t:gggcaaat agrrgggcaaa go 

tceeat±ggc CtCttCCiLujJ «ttati7.t.CC0 12C 

al-.tca-3.tcac catenas r.nt gtgetceetg tSC 

ggactgtgl:^ ygccaggctg gaLaa.t:c-gg 24 C 

tgccLouttg ggcac-caga ac^thgggct 3 00 



<210> 11R 
<211> 3fHl 
<2_2.* UNA 



c400^ 118 

agOtux.*c:Hgfl acrc:cga:: qgcacagaau aggcactLag aqaannntca ct^aatgaBt 60 

ftaatsfaatga atgaalaaa;. cjaatgaatga atigaargttt ogrcaaataa acauLpncuia 120 

g^azagaaga gccLuvcggg aagggaacaq gagiaa^oLc:: agcgcacagc acaact-.t-.gtg ISO 

Ltcagaaa-iC Ctgry^attcg acctgayyag ttoaaztLtq gat-.gaa.tctc Ltaattaacc 24 0 

trjtig-ggtcc ccagztcctc cccLgasicaqn ccaggaca.gr. agagtcae.uj Luuogr.ttga 300 

<:2i 0* 119 
<X11> 143 
«212> DBA 
<213> Ho^io sapiens 



<4o^v wo 

gtgagttagc cgttcagcga Lata-acata ttatgaaaca ttaLLaLtat tattattatr. 6C 

attaLLutlia tt=itratta- tattattact Lyagacggac tctoqrhctg tcgoccaggc 120 

tnfna^cgcag tggtigcgaz ctg 14S 

*»10* 12 0 
*211> 279 
<212> f?MA 

< 2 1 3 > Homo f. ap iens 



«:4D0> 12U 

cca^tciLLu aafccaracac ccaratctg- clyLctgtct aictatfthah nr.9tctatct 60 
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atctate^at ztatcr.gcct atdgu:;Lgc 

accagggaga fctttattCCC aifyuyat-.a 7t 

ghcacaaatg ggatgaat?rt tactggsa^c 

caccccacag cgcacaagac agaccca'juu 
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ccacctrihcc chctatggca ciL^jrcttgca 12 D 

tflffc-tatcf-cr tgacaazaaL LLutttggrt -81 

Lyy -gggtgg agcccagaea r.gctgctcaa 2 4 2 
naaagaacc 2??* 



*:210> 121 
<2Xl> 263 

Horn:? aapiena 



<4Ci*J> ±Zi 

-cattaarcr JUf&LLLLtiusi aana^ctaal 

a^gaaggaaa acaziattttt r.tctcgta.e 

^taCtat-a- ta^tahfcatt at^aLLaL-h 

zcccL^LyL;. ttync.ttr.r.r rgagaLat-t 

rttacat-r.-c at^aactggg zc_ 



ttgat-tcaa yLyh-tg^ta rtzca«iac?c:r: CO 
accatitiiiL ta-fcattatt afjattat-a L2D 
sctaa^:r«at ggga-tggLa <jkj_i.Tin.3tga 18 3 
ccayd^Uact ttccactrtcj <j::-c-tsggaa 2 4 2 

2 6.i 



<210> 12? 

<211> 

<212> DN?i 

<_!"*> ;-onio sapiens 



<4CD> 122 

gtggt ct zc"j acrtgr.gt.ca atacajafcag 
agatagarag atagatagowt ay uLul-.gr. at 
gcuLjLhgag- t 



aiayairagat agatajjacaa atacatagat 6 0 
gte-tttcca tga.aua.ac ctcatttt.t .;;:> 



<210> 153 
*2ll> 372 
<212> DN<\ 
<21.V> Uorao sapiens 



<40D> 

catgngcccc i-_&agcg-aag tiriaacLUian 

actccLCKJur. fcg^ccaccca roir.&tac-c 

tagar.ct.a.t:r CatctatcLa -cratcCazc 

tctc-c^acc agciLLtr.r.r.a ftc:7.t-.gt.C!Cit 



ccagtgtcac aaaa-ggcc. LLiiairgaaTt 60 
acLgtctgga ttrcitgcrtr. atagtaaa^c 12Z 
tatctatcta uctarctatc taLCtc/Lg-a -.63 
aatsc-tlc-* Ltr-a-atata atgagaaasr. 24: 
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ggrtatantt tcctqa^ngc r.guntLacca 
OCaacattgr. cacttctugg tSaLLucnnc: 
UKHggngg-fl ca 

<;2lO> 124 
*:211> 24-2 

<2i2> om 



tagt5.gr.g-ra &a3<t<x$t:t!?c: acranc^ggg !3C0 
eatg^ttncc utttnccnta aatt^naatt 360 

372 



agctacagza aact^catgt gauaaaagcc 
agatagatga Eaga^agaLa ytii.acja-aga 
g^r.aragatt cLcCJLctcr qcattctcal 
t.aa~»CTUa3 cctgccsgrrc haccatgvji^u 



acacccatna r-httrnccc ctag<r.:aga= SO 

layrataqata gatagataga LauaLagata 12 0 

uLat:a-tLCt c?tcr ticket. taathRtggg 18 0 

agarjiacctc Ltittzctctt - tctcctggc 240 



•:210> 125 
■;211> 325 
<212> DNA 

<213> Hcnc sapiens 



<40O> 

gtgggaggaa gccagtygat fctggaaacag 
tc-cctgcctL uuLL'je-tec fchrtct.t :ct': 
ar.cctrtaac ttaetqaata ac^cattatt 
cta^ggatgt aggcatgaac ac-gauaugg 
gsyyt-g^-g*^ aggg^agaag ccarft-aaatg 
aaqasacgaa cgzautgatg tcaca 



aaa-ggct.tg gccttfjcot^ ccttzcz-qcc 60 

zcttcctCCC L'-CCLLccLL t:cjc:tcy tgca 12 C 

ar.gggccnco Ltfcauqfcacic a r.gr.t-.aggta 18 0 

gnctcrfjga^ c^gcat^ct ggtaggaaaa 24 G 

catca-H-uaag aaacagt-ct aagigctatfc .10 0 



*i^!0> 12 6 
«211:r 2€9 
<212^ DMA 

<2lJ:> Homo sapiens 



<4QG> 12$ 

aaagctaLua L.gtancact gcactceatfc 
aaa^aaagta ggaaggaagg aaggaajjgaa 
aggtagaaag agagaaga'.L LLLuLr.cggg 



ctgggoaaca gaataagart ctgt-gaagg fit) 
ggaagcjaagg aaggaaggaa ggaaggagag 120 
taazgggtgc accaaaatat cagaaaLcac 130 
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^ctaaagaa cttattcatg taaccaacac caccfcgttcc t:aaaaacct att.gaaa.aa 2-30 
an a cage nag ui^-ujaifuuaa agaggnnffa 2f.<\ 

-^10> 127. 

<21.l> £77 

c:2lJ^> DMA 

<2L3> Hornc ftapi »ns 

-;4C0> :i?7 

Hsagtc-tca aapfiatcchg aagttr^UjL taagccagca tliv-jttaan^c TCTaagyagg 60 

caacaaaaya L.Laaacagt gtacarr^a tggtgacict gaaaccagdg LLuLttsact 12C 

gcLua^L^c::: accrcgagat cnratttgcca tgaLasa^y cttcctagoc ucMt-.tagge 18C 

tcttaattat ggagatagtL aLat^tac^t GtgLtH-aag gctgatfjaOT tgaaataiLL 2 4C 

Sftaaaaceat czatcLaLut. Rfcut-.ctat&t dtatcta^ct alcLaLLitat nhatctaiot so<: 

u_c:.ahc-ar craceatcrtt atatgtgL.cj titgttgaggz tgf'-tfcqagfit atcccc^acrc 36C 

nqaaacagaa aiaLLLL y n 

«2lflt- 128 
':2II:. J 44 
*:2l2> 3NA 

*4 0C> .12 fi 

ttL:.igac:-c-g aacttaaact gt^ggtlsaie chhgtr.ct.ca gaectttgaa ctcagacU;a 50 

aacwcazAC ccaycac:-cr. t-gggtcte-s gctrgccaag Lycvcaagi;g cagatcttcrj r2 u 

g»«t.tctcf?q tcrccgttati: gtgLyaytca actcctrg- t at3*aattat atatacataz 130 

atttguagat ggatagaaca Uyatagstag ata<jataggt agatagaLai; atagatagai 24 0 

acj<iLagar.i=g atagataqat tctgtctcco Lyijagaac-c taatgcaejr.t gcccacactc 500 

tttthctttt ttcttta-tt cattgaLau<: fc-accttcrg aaat 344 

^2lC> 129 
*211> 372 
<P. n> DNA 

•:213> Homo sapiens 
<*00> 129 

aaagcLaual: n:c:aaatcagq tacrgtagaca aaLaegtagg taggtasaca qs^ag^caga SO 
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ctagatagaL gyacagacta gatagafcaga 
agaLucruLag Hfcagatagat a^aLagatag 
L^qqcicat^t; tagt«tCtLL tjL^actCtCt 

tatcacaaga ggaLayua^a cc-aatatau 
aggtacaaan <rttaccatta ctrccc'-Lfcg 
acLcact.-' 5 ji_:: ct 

k21$> ISO 

<.212> DNA 

*213> Hotc sapiens 



PCT/US9&' 19678 

47 

tacgtacata cataagatag a tag ac agar. 120 
a^aga.agat agagacagat ttaaaar.art 1B0 
ganrhggaac tataaaaaat actctrttao 24 0 
tgccactgct gL^LcUcaa:: agtgacarccc 300 
ggcticrgac^. gtctrrir.tgcc tgcarjcrcacc 360 

372 



ttacctaaaL uL:.jtt:r.<:aga rcatacctaa 

r.t.ctcccccc ottacagggc agttgLLbvt 

ttgag&gaua H^T-aictat c-zgtcfcqt-.ct 

cazLuLuLub nfca-c-atct accLatctat 

gaacacaqaz t.aarg^aggt £al_aa<:tagg 

cfltgcacccr agaggaggaa ccLar.fcr.cct 



atCtCiLL'LcjL ctl€!tt"CtCt C't^LJ-Ct.CC 0 0 

agaatatar.n -caatrtgag tttgazgtrt 12C 

atotatccat CCatCJCaLuL at<:ahcr..? v rt 1QC 

cLaL^tatct atcta-cctq cfcfcr.r.ctaga 24C 

at«c:::r.-ccc cactaa^c-.at ngtr.cagggu 3 0C 

ttctbr.cccc iggaa-ccat: r.gctr. 3 55 



*:21D> I.V.. 
<2X1> 320 

*2li:« Xon\3 Sapiens 



<400> 13.L 

taact-gtaar attUjcLaca arrgbtaatno 

r.ahhr,gaaca If? fc^zcaaa tattgtLaaa 

gaattitatt zaatt^tatt taLLLatfcta 

gagLc-Lgcrh cr.gtcgccca ncctagagt.g 

tt<r=cz:cccg ggitcaagua attctcctt^ 
cgtgtaccac L:uLg::c:cgct: 



ccaaat-git Latcjaggtgg -gtasracc:* 60 
gagacacaat taaagaaaga atgasccttg 120 
Tt^att-att tatttaLLLa LLtagag^ca 180 
caaLggcacg atcttggr*.:: actgcaactt 240 
ntr.agccttc Ciaagtagctg ggatLaua^g 300 

320 



<2in> 132 
^2:.lv 1139 
*2L2> DN.\ 
<2l^> Homo sapiens 
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ttgyc.:jLoyc: nager-gMRt agcgtlt-cC tttCtLLLcu Ur.tctSttCt trtctltrct. 6C 
tttcttttct tttcctcttt tcaag-acagg LL<:L::ri<:r.r:fc crtcacz eager cragagtgca i2l) 
gtggtgcaat cacggLLLa-j tgr^gcczca Acttrrctgg 159 

•;21D> 133 
<211> 2?.<> 

-;400> 133 

uaeagsahna arggargca;: a^qtagaxaa aLagntagat acatagatatj rH-.aqar.scat 0 0 

aqatagatag atagazacjac agacagacay riragacagac a£atgac-a:rg g^atttatta 12 C 

*agga?,ttag CtcaayL^jr. Hf.ggaggct'T aaaaaCCtCH U;ac:agtc:C5i 3C"gcaagct ISC. 

ggagacceag g^acactagg a.cxaCggo'Lt: agtccagctc nsaaagrra 2 2C- 

*210;. 134 

<:;r_l> 379 

•i^L^ D1CA 

<: 2 1 3 > K»rr.» h a p : c 

<4 00> .1.31 

utfcncMtat a£Ct?£ftcaa a-tgaacaca fcccatgtaac L'LHTOi-ccag at-.t.aagaaac 62- 

agagcatgac Lagcacaarc tcaCgcL : _c<: ht-.trtarjacac tacagtzigac ccttaaataa 120 

tttggggalL aygggtgcag trgaaaa-^c aagtaLaatt: tzg-ctccct gaaaatcf.iaa i go 

otagta&tag cctactgttg aetggaagcc Ll_a.e:r:g*ct- actacataac gacaeacaca 240 

caiacacaca cacacacja.L:«i ::ar:acacaca cacacacata LaLaLaLLtt gagatgcagt 3 30 

c:1:tgr.r.ct.gt tgcccaggct ggagtnca^r ggcacyaLe- ng^ct-.cactg caacctccse 3*50 

ctcc-gg^tt cs.agcggtt 373 

<21D:< ;l,J'j 
*:211;> 3B7 
<212> DMA 

<213> Home sapiuna 



WO 99/14375 

gaatiaLaae cct.ya^tgat tsatagcsa<j<: 
LLcLyggsag at-.afchaacc.n tgtliaca=ac 
rjc.tg-acTcitg gttctaaaaa Ly Lineage 
tgttatagga atcLLuauUl taaagt 
tigactgctL aaactg&agt caviacaagea 
aiLuLiJidiiaa cagacctgzg cagzagcjfcar: 
ytrfct-.a^agag argacgataa COcanrct 
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srrr.gccaaa Ltotatttto tggaasaaia 6 0 
asacacacac acaca^cac acacaaazac: 1 22 
ttccittcffll: qg^.ggsat.rc ccagtgtr-t ;i80 
GfaLaatagca gtggtaatg^ aaa_ghtt-.a 243 
Utatctcact ctitttab&A ara-tattta 30D 
a*ttatgt£jfj tacacriga-c- agaaactyay .16 0 



